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(54) CURABLE SILICONE COMPOSITION AND ITS CURED PRODUCT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a curable silicone composition which rapidly cures, 
and after curing, forms a cured resin excellent in flexibility and adhesion. 
SOLUTION: The curable silicone composition is characterized by comprising (A) an 
organopolysiloxane having at least two of epoxy group-containing monovalent hydrocarbon 
groups which do not have an aromatic ring, represented by a siloxane unit formula (1): 
[R13Si01/2]a[R22Si02/2]b[R3Si03/2]c (wherein R1, R2, and R3 are each a substituted or an 
unsubstituted monovalent hydrocarbon group, and at least two among those being the epoxy 
group-containing monovalent hydrocarbon groups which do not have the aromatic ring, R3 of 
£20 mol% being an aryl group; a+b+c is 1, (a) being averagely 0<a<0.8, (b) being averagely 0 
£b£0.8, and (c) being averagely 0.2^c<1.0), (B) a straight chain organopolysiloxane having at 
least two of phenolic hydroxy group-containing monovalent hydrocarbon groups, and (C) a 
curing accelerator. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused fay the use of this translation. 

1 -This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** snows the word which can not be translated. 
3. in the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

(A) The following siloxane-units type (1) : 
[ Rl 3 Si0 ,/2]a[ R2 2 Si0 2 / 2 ]b[ R3si0 3/2'c( 1 ) 

{R 1 , R 2 , and R 3 are substitution or an unsubstituted monovalent hydrocarbon group among a 
formula, Before long, at least two pieces are epoxy group content monovalent hydrocarbon 
groups which do not contain an aromatic ring, more than 20 mol % of R 3 is an aryl group, it is 
a+b+c=1, a is an average of 0<=a<=0.8, b is an average of 0<=b<=0.8, and c is an average of 
0.2<=c<=1.0. } 

Organopolysiloxane which has at least two epoxy group content monovalent hydrocarbon 
groups which come out and do not contain an aromatic ring expressed, 

(B) organopolysiloxane of straight chain shape which has at least two phenolic hydroxyl group 
content monovalent hydrocarbon groups ~ and 

(C) A hardening accelerator 

A hardenability silicone composition characterized by a thing, ** and others. 
[Claim 2] 

The hardenability silicone composition containing the (D) bulking agent according to claim 1. 
[Claim 3] 

(A) The hardenability silicone composition according to claim 1 or 2, wherein an ingredient is 

liquefied. 

[Claim 4] 

(A) The hardenability silicone composition according to claim 1 or 2, wherein a is an average of 
0<a<=0.8 among a siloxane-units type (1) showing an ingredient and b is 0. 
[Claim 5] 
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(B) The hardenability silicone composition according to claim 1 or 2, wherein an ingredient is 
organopolysiloxane expressed with a following formula (2). 
R 7 3 SiO(R 8 2 SiO) m SiR 7 3 (2) 

{R 7 and R 8 are same or different substitution or unsubstituted monovalent hydrocarbon groups 
(however, at least two pieces are phenolic hydroxyl group content monovalent hydrocarbon 
groups before long.) among a formula, and m is an integer of 0-1000. } 
[Claim 6] 

(A) The hardenability silicone composition according to claim 1 or 2 characterized by 
consisting of the (B) ingredient 1 - 1000 weight sections and the (C) ingredient 0.01 - 100 
weight sections to ingredient 100 weight section. 
[Claim 7] 

(A) The hardenability silicone composition according to claim 1 or 2, wherein an epoxy group 
of an ingredient is glycidoxy group or 3, and 4-epoxycyciohexyl group. 
[Claim 8] 

The hardenability silicone composition according to claim 1 or 2 which liquefied or is paste 

state. 

[Claim 9] 

A hardened material which hardens a hardenability silicone composition of a statement in any 
1 paragraph of claims 1-8. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention is excellent in the hardening characteristic in detail about a hardenability silicone 
composition, and after hardening is related with the hardenability silicone composition used as 
the hardened material excellent in flexibility and an adhesive property. 
[Background of the Invention] 
[0002] 

Conventionally, since the elastic modulus of the hardened material is greatly upright, as for 
hardenability resin compositions, such as an epoxy resin composition currently used for an 
electrical part, the electrical and electric equipment and the sealing agent for electronic 
devices, adhesives, etc., big stress is added to the electrical and electric equipment and 
electronic device closed by the thermal expansion of hardening resin by the resin. This stress 
causes the curvature of the electrical and electric equipment and an electronic device, and the 
curvature of a substrate, produces a crack in hardening resin itself, destroys the electrical and 
electric equipment and an electronic device, or produces a crevice between the electrical and 
electric equipment and an electronic device, and hardening resin. 
[0003] 

The hardenability resin composition which blends with hardening resin the silicone resin which 
has an epoxy group for the purpose of low-stress-izing of hardening resin (refer to JP,5- 
295084,A), the die attach paste (JP,10-147764,A.) which consists of a resultant of an epoxy 
resin and cyanate resin, and the dimethylsiloxane compound that has an epoxy group the die 
bonding material (JP.7-22441 ,A.) which consists of a reactant living thing of refer to JP.10- 
163232.A, epoxy group content silicone oil, and a phenol system organic compound JP,7- 
118365A referring to JP,10-130465,A, etc. are proposed, However, these hardened materials 
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are stil! upright, their low-stress-izing is insufficient, and there was a limit in application to the 

electrical and electric equipment and an electronic device. 

[0004] 

On the other hand, since the hardened material produced by hardening this is excellent in 
electrical properties, such as dielectric characteristics, volume resistivity, and electrical 
breakdown strength, the hardenability silicone composition is used for an electrical part, the 
electrical and electric equipment and the sealing agent for electronic devices, adhesives, etc. 
However, there was a problem that a hardenability silicone composition had a protection 
feature small [the coefficient of thermal expansion is large, or] to the protection ability of the 
electric electronic component, i.e., the shock from the outside, since intensity and the elastic 
modulus are low while the hardened material produced by hardening this is flexible. Since the 
adhesive property over the electrical and electric equipment and electronic device of a 
hardened material was low, the problem of producing a crevice was also between the electrical 
and electric equipment and an electronic device, and hardening resin. For this reason, 
although it was possible to blend a bulking agent and to make small the coefficient of thermal 
expansion of a flexible hardened material, the elastic modulus became large rapidly with 
combination of the bulking agent, there was a problem that that pliability and flexibility were 
lost, and there was a limit also in that improvement effect. 
[0005] 

The hardenability silicone resin composition with short gel time which consists of epoxy 
modified silicone oil and phenol modified silicone oil is proposed by JP,6-306084,A. However, 
the resin composition was inferior to hardenability, and there was a problem of requiring long 
cooking time in hardening of a constituent. 
[0006] 

[Patent documents 1] JP,5-295084,A 
[Patent documents 2] JP,10-147764,A 
[Patent documents 3] JP,10-163232,A 
[Patent documents 4] JP,7-22441,A 
[Patent documents 5] JP,7-1 1 8365.A 
[Patent documents 6] JP,10-130465,A 
[Patent documents 7] JP,6-306084,A 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0007] 

This invention persons reached this invention, as a result of trying hard wholeheartedly, in 

order to solve the above-mentioned problem. 

[0008] 
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That is, the purpose of this invention is hardened promptly and there is after hardening in 
providing the hardenability silicone composition used as hardening resin excellent in flexibility 
and an adhesive property. 
[Means for Solving the Problem] 
[0009] 

This invention is the (A) following siloxane-units type (1). : 

{R 1 , R 2 , and R 3 are substitution or an unsubstituted monovalent hydrocarbon group among a 
formula, Before long, at least two pieces are epoxy group content monovalent hydrocarbon 
groups which do not contain an aromatic ring, more than 20 mol % of R 3 is an aryl group, it is 
a+b+c=1, a is an average of 0<=a<=0.8, b is an average of 0<=b<=0.8, and c is an average of 
0.2<=c<=1.0. Organopolysiloxane which has at least two epoxy group content monovalent 
hydrocarbon groups which do not contain an aromatic ring expressed with}, (B) It is related 
with a hardenability silicone composition consisting of organopolysiloxane of straight chain 
shape which has at least two phenolic hydroxy! group content monovalent hydrocarbon 
groups, and a (C) hardening accelerator. 
[Effect of the Invention] 
[0010] 

The hardenability silicone composition of this invention is the (A) following siloxane-units type 
(1).: 

[ Rl 3 Si0 1/2]af R2 2 Si0 2/2Jb[ R3Si0 3/ 2 Jc( 1 ) 

{R 1 , R 2 , and R 3 are substitution or an unsubstituted monovalent hydrocarbon group among a 
formula, Before long, at least two pieces are epoxy group content monovalent hydrocarbon 
groups which do not contain an aromatic ring, more than 20 mol % of R 3 is an aryl group, it is 
a+b+c=1, a is an average of 0<=a<=0.8, b is an average of 0<=b<=0.8, and c is an average of 
0.2<=c<=1 .0. The organopolysiloxane which has at least two epoxy group content monovalent 
hydrocarbon groups which do not contain the aromatic ring expressed with}, (B) Since it 
consists of organopolysiloxane of the straight chain shape which has at least two phenolic 
hydroxyl group content monovalent hydrocarbon groups, and a (C) hardening accelerator, it 
hardens promptly and shortening of cooking time or reduction of heat cure temperature is 
attained in the forming cycle. That is, when it is used as a protective layer of detailed and 
vulnerable parts, the breakage can be prevented, and adhesion with a substrate also becomes 
firm from the ability of internal stress by thermal expansion to be made small in the forming 
cycle. The hardenability silicone composition of this invention shows a good adhesive property 
also to substrates of a difficulty adhesive property, such as a solder resist, nickel, and copper. 
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Therefore, it is useful as an electrical part, the encapsulant of an electronic device, a casting 
agent, a coating agent, adhesives, etc. 
[Best Mode of Carrying Out the Invention] 
[0011] 

Hereafter, the hardenability silicone composition of this invention is explained in detail. 

(A) An ingredient is base resin of this invention constituent, and the epoxy group reacts to the 

phenolic hydroxyl group in the (B) ingredient, constructs a bridge, and hardens it. 

[0012] 

(A) An ingredient is organopolysiloxane expressed with the following siloxane-units type (1), 
[R 3 Si0 3/2 ], [ whether it consists of units or it consists of R 1 3 Si0 1/g [2 ] unit, and R 3 Si0 3/[2 ] unit, 

and ] [R 2 2 Si0 2/2 ]. [ whether it consists of a unit, and R 3 Si0 3/[2 ] unit, and ] [R 1 3 Si0 1/2 ] 
Consisting of a unit, R 2 2 Si0 2/[2 ] unit, and R 3 Si0 3/[2 ] unit, molecular structure has reticulated or 
the shape of a three dimension. 

[ Rl 3 Si0 1/ 2 la[ R2 2 Si0 2 / 2 lb[ R3si0 3/2)c( 1 ) 
12 3 

R , R , and R are substitution or an unsubstituted monovalent hydrocarbon group among a 
formula, and at least two pieces are epoxy group content monovalent hydrocarbon groups 
which do not contain an aromatic ring. In an epoxy group content monovalent hydrocarbon 
group, it is required not to contain an aromatic ring. This is because this invention constituent 
stops hardening promptly when an aromatic ring is contained in an epoxy group content 
monovalent hydrocarbon group. 
[0013] 

As substitution or unsubstituted monovalent hydrocarbon groups other than the epoxy group 
content monovalent hydrocarbon group which does not contain an aromatic ring, It is preferred 
that it is substitution or an unsubstituted monovalent hydrocarbon group with 1-20 carbon 
atoms, and specifically, Aralkyl groups, such as aryl group; benzyls, such as alkyl group; 
phenyl groups, such as a methyl group, an ethyl group, a propyl group, a butyl group, and a 
pentyl group, a tolyl group, and a xylyl group, and a phenethyl group; halogenation alkyl 
groups, such as a chloromethyl group and a 3,3,3-trifluoropropyl group, are illustrated. 
Especially, an alkyl group, especially a methyl group are preferred. As an epoxy group content 
monovalent hydrocarbon group which does not contain an aromatic ring, 2-glycidoxy ethyl 
group, 3-g!ycidoxy propyl group, 4-glycidoxybutyl group, 2-(3,4-epoxycyclohexyl) ethyl group, 
3-(3,4-epoxycyclohexyl) propyl group, 2-(3,4-epoxy NORUBORUNENIRU) ethyl group, 2-. 
(3,4-epoxy-3-methylcyclohexyl) The epoxy group joint alkyl group of a-2-methylethyl group etc. 
is illustrated. Especially, 3-glycidoxy propyl group and 2-(3,4-epoxycyclohexyl) ethyl group are 
preferred. Two or more epoxy group content monovalent hydrocarbon groups which do not 
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contain these aromatic rings exist in 1 intramolecular. (A) It is preferred that it is the range of 
100-2000, they are 100-1000 more preferably, and the weight per epoxy equivalents 
(numerical value which divided the weight average molecular weight of the (A) ingredient by 
the number of the epoxy groups in one molecule of (A) ingredients) of an ingredient are 100- 
700 most preferably. In less than the minimum of this range, this is because there is a case 
where the flexibility of the hardened material of this invention constituent becomes less 
enough, and is because the adhesive property of this invention constituent and hardenability 
may get worse or the hardened material of this invention constituent may become very weak, if 
the maximum of this range is exceeded. 
[0014] 

As for more than 20 mo! % of R 3 , it is preferred that it is an aryl group and more than 50 mol % 
is an aryl group, and it is more preferred that more than 80 mol % is an aryl group. This is 
because neither compatibility with the (B) ingredient nor an adhesive property with a substrate 
may be enough in it being less than a mentioned range or the intensity of the hardened 
material of this invention hardenability silicone composition may not be enough. Especially as 
an aryl group of R 3 , a phenyl group is preferred, a, b, and c mean the number of average mols 
at the time of setting the number of sum total mols of each siloxane units to 1. Therefore, it is 
a+b+c=1 . It is preferred that it is a+b!=0. This is because the viscosity may become high too 
much, it may be dealt with and workability may get worse, if the (A) ingredient consists only of 
R 3 Si0 3/a [2 ] unit, a is an average of 0<=a<=0.8, is 0< a<=0.6 preferably, and is 0.3<=a<=0.6 
more preferably. This is because the molecular weight of organopolysiloxane may become 
small too much, the (A) ingredient may ooze out from the hardened material of this invention 
constituent and the circumference may be polluted, if the maximum of this range is exceeded, 
b is an average of 0<=b<=0.8, and is 0<=b<=0.6 preferably. This is because the hardened 
material of this invention constituent may become weak if b exceeds the maximum of this 
range, c is an average of 0.2<=c<=1 .0, and is 0.4<=c<=1 .0 preferably. The adhesive property 
of this invention constituent becomes less enough { this ] in c being less than the minimum of 
this range, and. It is because viscosity becomes high too much, and the handling workability of 
this invention constituent gets worse or there is a case where the flexibility of that hardened 
material becomes less suitable, when this invention hardened material may become weak and 
exceeds the maximum of this range. 
[0015] 

The organopolysiloxane shown with a following formula is illustrated as a desirable (A) 
ingredient expressed with a siloxane-units type (1). Among each of following formulas, 
although a, b, and c are as aforementioned, a and b are not 0. x and y are 0.2<=x<1 .0 and 0< 
y<0.2, and are x+y=c. X express a glycidoxy propyl group among a following formula, and Y 
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expresses 2-(3 J 4-epoxycyclohexyl) ethyl group. 
[0016] 

t X ( CH 3>2 Si VU C 6 H 5 Si °3/Jc 
[Y(CH 3 ) 2 Si0 1/2 ] a [C 6 H 5 Si0 3/2 ] c 

[X(CH 3 ) 2 Si0 1/2 ] a[ (CH 3 ) 2 Si0 2/2 ] b [C 6 H 5 Si0 3/2 ] c 

^ CH J 2 Si0 1/ 2 l ^ 0H 3> 2 Si0 2/ 2 l b I C 6 H 5 Si0 3/2l c 
[XCH 3 Si0 2/2 ] b [C 6 H 5 Si0 3/2 ] c 

[YCH 3 Si0 2/2 ] b [C 6 H 5 SiO 3/2 ] c 

[ X ( CH 3)2 Si0 1/ 2 ]aE C 6 H 5 Si0 3/2]xf CH 3 Si0 3/ 2 l y 
t Y(CH 3 ) 2 Si0 1/2 ] a [C 6 H 5 Si0 3/2 ] x ICH 3 Si0 3/2 ] y 

[0017] 

(A) The alkoxysilane which has an epoxy group content monovalent hydrocarbon group which 
does not contain phenyl trialkoxysilane and an aromatic ring as a method of preparing an 
ingredient, For example, By the dealcoholization condensation reaction of 3- 
glycidoxypropyltrimetoxysilane or 2-(3, 4-epoxycyclohexyl) ethyltrirnethoxysilane. the 
alkoxysilane which has a silanol group in the branched state phenylpolyorganosiloxane 
prepared by the cohydrolysis condensation reaction of method; phenyltrichlorosilane or phenyl 
trialkoxysilane to prepare, and an epoxy group content monovalent hydrocarbon group which 
does not contain an aromatic ring for example, How to prepare by a dealcoholization 
condensation reaction with 3-glycidoxypropyltrimetoxysilane or 2-(3, 4-epoxycyclohexyl) 
ethyltrirnethoxysilane; It reaches, The silicon atom absorbed water matter atom content 
organopolystloxane prepared by carrying out the cohydrolysis condensation reaction of 
phenyltrichlorosilane or the phenyl trialkoxysilane under silicon atom absorbed water matter 
atom content Silang existence, such as dimethylchlorosilicane, The method of preparing by a 
hydrosilylation reaction with the compound which has an epoxy group content monovalent 
hydrocarbon group which does not contain an aliphatic unsaturated group and an aromatic ring 
is illustrated. 
[0018] 

Otherwise, By the cohydrolysis condensation reaction of phenyltrichlorosilane or phenyl 
trialkoxysilane. The prepared branched state phenyl organopolysiloxane. Chain both-ends 
trimethylsiloxy group blockade methyl. (3-glycidoxy propyl) A siloxane dimethylsiloxane 
copolymer or a chain both-ends trimethylsiloxy group blockade methyl (2-(3,4- 
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epoxycyclohexyl) ethyl siloxane) dimethylsiloxane copolymer. Silicone resin, annular methyl (3- 
glycidoxy propyl) siloxane, or annular methyl(2- (3,4-epoxycyclohexyl)) ethyl siloxane which 
consists of a method; [C g H 5 Si0 3/2 ] unit which carries out equilibrium polymerization under 
existence of a basic polymerization catalyst. How to carry out equilibrium polymerization under 
existence of a basic polymerization catalyst; It reaches, [CgH 5 Si0 3/2 ] silicone resin, the 
annular methyl (3-giycidoxy propyl) siloxane or the annular methyl {2-(3,4-epoxycyciohexyl) 
ethyl) siloxane, and annular dimethylsiloxane which consist of units. The method of carrying 
out equilibrium polymerization under acidity or existence of a basic polymerization catalyst is 
also illustrated. 
[0019] 

(A) One kind of organopolysiioxane may be sufficient as an ingredient, and the mixture which 
consists of two or more kinds of organopolysiioxane may be sufficient as it. The description at 
25 ** may be any of a liquid and a solid state, it is mixable to other ingredients and 
homogeneity by using an organic solvent in the case of a solid state, or heating. It is preferred 
from the ease of combination or handling that it is a fluid at 25 **. (A) As for the weight average 
molecular weight of an ingredient, 500-10000 are preferred, and 750-3000 are more preferred. 
[0020] 

(A) The hydroxyl group in which an ingredient originates in the manufacturing method; a small 
amount of hydrolytic bases, such as an alkoxy group and an acetoxy group, may be contained. 

[0021] 

(B) Organopolysiioxane of the straight chain shape containing at least two phenolic hydroxyl 
group content monovalent hydrocarbon groups is a cross linking agent of the (A) ingredient, 
and there is work which reacts to the epoxy group in the (A) ingredient by operation of the (C) 
ingredient mentioned later, and carries out bridge construction hardening of this invention 
constituent. (B) As substitution or unsubstituted monovalent hydrocarbon groups other than the 
phenolic hydroxyl group content monovalent hydrocarbon group in an ingredient, there are an 
alkyf group, an aryl group, an aralkyl group, and a halogenation alkyl group. (B) An ingredient 
may contain a small number of silicon bond hydrogen atom, a hydroxyl group, and an alkoxy 
group. (B) Although solid and liquefied any may be sufficient as an ingredient in 25 **, the 
shape of the ease of handling to liquid is preferred. It is specifically preferred to have the 
viscosity of 1 - 1 million mPa-s in 25 **, and it is preferred especially that it is within the limits of 
100 - 5000 mPa-s. This is because there is a tendency for the flexibility of a hardened material 
and mechanical strength which are produced by hardening this constituent as it is less than the 
minimum of a mentioned range to fall, and is because there is a tendency for the handling 
workability of this invention constituent to fall, on the other hand when the maximum of a 
mentioned range is exceeded. 
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[0022] 

The desirable (B) ingredient is expressed with a following formula (2). This is because it 
becomes advantageous to raising the flexibility of the hardened material of this invention 
constituent. 

R 7 3 SiO(R 8 2 SiO) m SiR 7 3 (2) 

or [ that the inside of a formula, R 7 , and R 8 are the same ] - or it is different substitution or 
unsubstituted monovalent hydrocarbon group, and at least two pieces are phenolic hydroxyl 
group content monovalent hydrocarbon groups among these. Although the phenolic hydroxyl 
group content monovalent hydrocarbon group should just be in [ two or more ] a molecule, they 
are two pieces preferably. A desirable phenolic hydroxyl group content monovalent 
hydrocarbon group is a phenolic group joint alkyl group, and the following are illustrated. 
[0023] 
[Formula 1] 




[Formula 2] 
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[0024] 

As other substitution or unsubstituted monovalent hydrocarbon groups, A methyl group, an 
ethyl group, a propyl group, a butyl group, a pentyl group, a hexyl group, Alkyl groups, such as 
a heptyl group; Aryl group; benzyls, such as a phenyl group, a toly! group, a xylyl group, and a 
naphthyl group, Aralkyl groups, such as a phenethyl group; alkyl halide groups, such as 
alkenyl group; chloromethyl groups, such as a vinyl group, an allyl group, a butenyl group, a 
PETENIRU group, and a hexenyl group, 3-chloropropyl group, and a 3,3,3-trifluoropropyl 
group, are illustrated. An alkyl group, especially a methyl group are especially preferred, m in a 
formula is an integer of 0-1000, is 0-100 preferably, and is 0-20 more preferably. It is because 
this has the low viscosity of the (B) ingredient enough in m in a formula being in a mentioned 
range, and combination for the (A) ingredient and handling become easy and it becomes stili 
more possible to make the hardenability silicone composition of this invention liquefied with a 
non-solvent. 
[0025] 

(B) They are a quantity from which a mole ratio of a phenolic hydroxyl group in the (B) 
ingredient is set to 0.2-5 to an epoxy group in the (A) ingredient, loadings of an ingredient have 
a preferred quantity especially set to 0.3-2.5, and its quantity used as 0.8-1.5 is more 
preferred. This is for a mechanical property after hardening to fail remarkably, if a constituent 
does not fully harden that a mole ratio of a phenolic hydroxyl group in the (B) ingredient to an 
epoxy group in the (A) ingredient is less than 0.2 and 5 is exceeded. 
[0026] 

The following are illustrated as a desirable (B) ingredient, n in a formula is an integer of 1-20, 
and p is an integer of 2-10. 
[Formula 3] 
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CH 3 CH; 

jQl-V-Si-o-Si 



H3CO. 



-1-13 



CH 3 CH 3 
CH 3 CH 3 



CH 3 CH 3 




OCH 3 



CH3 



CH 3 



[0027] 
[Formula 4] 



9 HS /? H3 \ ? H 3 

l JyK-si-o-^si-o^-si-v(Q^ , 

CH 3 \CH 3 /n ch 3 ^ 



CH 3 / 



CH 



3\ /<f H 3\ CH 3 



H 3 C— Si-0fS|-0H-Si-0|-Si-CH 3 
CH 3 \< /p \CH 3 /n c 

o 



CH 3 



[0028] 

(B) An ingredient can be prepared by a publicly known method. For example, the method of 
carrying out the addition reaction of an alkenyl group content phenolic compound and the 
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organopolysiloxane which has a silicon atom absorbed water matter atom under existence of a 

hydrosilylation catalyst is illustrated. 

[0029] 

(C) An ingredient is an ingredient for promoting a reaction of an epoxy group in the (A) 
ingredient, and a phenolic hydroxyl group in the (B) ingredient, i.e., hardening of this invention 
constituent. (C) As an ingredient, organophosphorus compounds, such as organic metallic 
compounds, such as the third class amine compound, aluminum, and a zirconium, and 
phosphine, a different ring type amine compound, a boron complex compound, organic 
ammonium salt, organic sulfonium salt, organic peroxide, these reactants, etc. are illustrated. 
For example, triphenyl phosphine, tributyl phosphine, Tori (p-methylphenyl) phosphine, The 
Tori (nonylphenyl) phosphine, triphenylphosphine triphenyl borate, The Lynn system 
compounds, such as tetraphenyl phosphine tetraphenyl borate; Triethylamine, 
Benzyldimethylamine, alpha-methylbenzyl dimethylamine, 1, a tertiary amine compound of 8- 
diazabicyclo [5.4.0] undecene 7 grade; 2-methylimidazole, Imidazole compounds, such as 2- 
phenylimidazole and 2-phenyl-4-methy!imidazole, are illustrated. Since working life of a 
hardenability silicone composition of this invention can be extended, an encapsulated 
hardening accelerator is preferred. As an encapsulated hardening accelerator, an 
encapsulation amine catalyst (HX-3088: made by Asahi Chemical Co., Ltd.) which blended an 
amine catalyst into a bisphenol A type epoxy resin is mentioned. 
[0030] 

(C) If an ingredient is sufficient quantity to stiffen this invention constituent, although the 
loadings are not limited, it is 0.01 per (A) ingredient 100 weight section - 100 weight section, 
and still more preferably, they are 0.01 - 50 weight section, and are 0.1 - 5 weight section most 
preferably. 
[0031] 

In order to raise intensity of a hardened material, the (D) bulking agent may be blended with 
this invention constituent. Ceramic fiber which uses glass fiber, an alumina fiber, alumina, and 
silica as an ingredient as a bulking agent, Fibrous fillers, such as a boron fiber, a zirconia fiber, 
silicon carbide fiber, and a metal fiber; Fused silica, Crystalline silica, precipitation silica, fumed 
silica, pyrogenic silica, a zinc oxide, Calcination clay, carbon black, a glass bead, alumina, talc, 
Calcium carbonate, clay, aluminium hydroxide, magnesium hydroxide, Particulate matter-like 
bulking agent [, such as barium sulfate, alumimium nitride, boron nitride, silicon carbide, an 
aluminum oxide, magnesium oxide, titanium oxide, beryllium oxide, kaolin, mica, and 
zirconia, ]; and two or more sorts of these mixtures are illustrated. Although mean particle 
diameter or shape of the (D) ingredient are not limited, since a moldability is excellent, 
spherical silica whose mean particle diameter is 0.1-40 micrometers is preferred. 
[0032] 
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(D) Since loadings of an ingredient do not spoil the mobility of this invention constituent, its 0 - 
2000 weight section is preferred to a total of 100 weight sections of the (A) ingredient and the 
(B) ingredient, and its 50 - 1000 weight section is still more preferred. 
[0033] 

In order to make the (A) ingredient, the (B) ingredients, or those mixtures distribute the (D) 
ingredient good and to raise an adhesive property to a substrate at the time of hardening of 
this invention constituent, coupling agents, such as a silane coupling agent and a titanate 
coupling agent, may be blended. As a silane coupling agent, 3-glycidoxypropyitrimetoxysi!ane, 
Epoxy group content alkoxysilane;N-(2-aminoethyl)-3-aminopropyl trimethoxysilane, such as 3- 
glycidoxy propyl methyldiethoxysilane and 2-(3,4-epoxycyciohexyl) ethyltrimethoxysilane, 
Sulfhydryl group.content alkoxysilane, such as amino group content alkoxysilane;3-mercapto 
propyttrimethoxysilane, such as 3-aminopropyl triethoxysilane and N-phenyl-3-aminopropyl 
trimethoxysilane, is illustrated, i-propoxy CHITANTORI (i-isostearate) is illustrated as a titanate 
coupling agent. 
[0034] 

As arbitrary ingredients, in addition, a tetramethoxy silane, a tetraethoxysilane, 
Dimethyldimethoxysilane, methylphenyl dimethoxysilane, methylphenyl diethoxysilane, 
Phenyltrimethoxysilane, methyl trimetoxysilane, methyl triethoxysilane, Alkoxysilane, such as 
vinyltrimetoxysilane, ailyl trimethoxysilane, and allyl triethoxysilane; Hexane, Organic solvents, 
such as ketones, such as aromatic solvents, such as aliphatic series system solvents, such as 
heptane, toluene, and xylene, methyl ethyl ketone, and methyl isobutyl ketone, may be 
blended. 
[0035] 

A hardenability silicone composition of this invention is obtained by mixing the (D) ingredient 
and other optional components uniformly by the (A) ingredient, the (B) ingredient, the (C) 
ingredient, and necessity. Although a mixing method in particular is not limited, the (A) 
ingredient, the (B) ingredient, the (C) ingredient, After carrying out the premix of a method; (A) 
ingredient and (B) ingredient which blend the (D) ingredient and other optional components 
simultaneously as occasion demands, (C) After carrying out the premix of the (D) ingredient or 
the other optional components to a method; (A) ingredient which blends the (D) ingredient and 
other optional components with an ingredient as occasion demands, and the (B) ingredient as 
occasion demands, a method of blending the (C) ingredient is illustrated. (A) There is no 
limitation especially as a mixed device which mixes the (D) ingredient and other optional 
components by ingredient, the (B) ingredient, the (C) ingredient, and necessity, A continuous 
mixer of one axis or two axes, 2 rolls, a loss mixer, the Hobart mixer, a dental mixer, a 
planetary mixer, and a kneader mixer are illustrated. 
[0036] 
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A hardenability silicone composition of this invention can be used by methods, such as a 
transfer mold, injection molding, potting, casting, powder coating, dip coating, and dropping. It 
is preferred that liquefied or it is paste state from being able to choose various directions for 
use, such as potting, screen-stenci!, spreading, and being easy to suit a use of small-quantity 
use. Since after hardening becomes the hardened material excellent in flexibility and an 
adhesive property, a hardenability silicone composition of this invention is useful as an 
electrical part, encapsulant of an electronic device, a casting agent, a coating agent, 
adhesives, etc. 
[Example] 
[0037] 

Hereafter, an example explains this invention. The various characteristics of the hardenability 
silicone composition and the hardened material were measured by the method shown below. 
[0038] 

[Viscosity] It measured on condition of for 25 ** and 2.5/of number of rotations using :E type 
viscosity meter (the product made by TOKIMEC, a DIGITAL VISCOMETER DV-U-E II type). 
[Coefficient of thermal expansion]: After filling up with the hardenability silicone composition 
the metallic mold which has a cavity 4 mm in width, 15 mm in length, and 4 mm in depth and 
defoaming by 70mmHg, press hardening was carried out for 60 minutes on condition of 150 ** 
and 2.5MPa. Subsequently, the 2nd order was heated in 2-hour oven at 180 **, and the 
hardened material specimen was obtained. TMA (TM-9200 by vacuum science-and- 
engineering stock meeting incorporated company) was used, temperature up of the obtained 
specimen was carried out from 25 ** to 210 ** by a part for 2.5 ** of temperature-up/, and 
thermal expansion was measured. 

[The rate of complex viscoelasticity]: After filling up with the hardenability silicone composition 
the metallic mold which has a cavity 10 mm in width, 50 mm in length, and 2 mm in depth and 
defoaming by 70mmHg, press hardening was carried out for 60 minutes on condition of 150 ** 
and 2.5MPa, Subsequently, the hardened material specimen heated the 2nd order in 2-hour 
oven at 180 ** was obtained. The rate of complex viscoelasticity in 25 ** when an ARES 
viscoelasticity measuring apparatus (made by Rheometric Scientific) is used and temperature 
up of the obtained specimen is carried out from -50 ** to 150 ** by a part for 0.5% of torsion, 
pitch [ of 1 Hz ], and heating-rate/of 3 ** was measured. 

[Adhesive property] : A solder resist (the developed type solder resist of negatives, Taiyo Ink 
Mfg., Inc. make PSR-4000 CC02/CA-40 CC02) is applied to the base made of bismaleimide 
triazine resin (common name: BT resin), ultraviolet drying it exposed and hardened (150 **, 
1 hour), the solder resist layer (50-micrometer thickness) was formed on BT board, and this 
was made into adherend. In addition, the glass plate, the aluminum board, the nickel board, 
and the copper plate were also evaluated as adherend. After applying about 1 cm of 
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hardenability silicone composition 3 on such adherends and heating it in 2-hour oven at 125 **, 
oven heating was performed at 180 ** for 2 hours, and the specimen for adhesive evaluation 
was obtained. From the obtained specimen, visual observation of peel-off and its adhesive 
property was carried out for the hardened material under the microscope using the dental 
spatula. The case of** and interfacial peeling was made into x for the case where interfacial 
peeling of the case of cohesive failure is carried out after O and a pellicle have remained. 
[Hardenability examination]: The 40-micrometer-thick tape was stuck five sheets on the glass 
plate, the cavity (15 mm in width, 50 mm in length, and 0.2 mm in thickness) was provided, 
and it was used and filled up with the hardenability silicone composition for the squeegee. The 
obtained specimen was put into 150 ** hot wind circle method oven, the dental spatula 
described the hardenability silicone composition surface every 15 minutes, and time until the 
cobwebbing of a sample is lost was pursued. 

[Weight average molecular weight]: The weight average molecular weight which measured 
toluene by the solvent and GPC and which carried out polystyrene conversion is shown. 
[0039] 
[Example 1] 

The weight average molecular weight 1000, viscosity 9630 mPa-s which are expressed with 
the following siloxane-units type (3), They are 13.0 weight sections (with the number of mols of 
the epoxy group in the organopolysiloxane expressed with a formula (3).) about 
organopblysiloxane of viscosity 3050 mPa-s expressed with 25.0 weight sections and the 
following siloxane-units type (4) in organopolysiloxane of the weight per epoxy equivalent 345. 
The quantity from which the ratio of the number of mols of the phenolic hydroxyl group in the 
organopolysiloxane expressed with a formula (4) is set to 1 .0, 1 .0 weight sections and 60.0 
weight sections of spherical amorphous silica (ADOMA fine [ made from an ADOMA, Inc. 
tech ] ** an average of 1 .5 micrometers) were mixed for HX-3088 (the capsule type amine 
catalyst by Asahi Chemical Co., Ltd., amine-catalyst content: 40 % of the weight), and the 
hardenability silicone composition was prepared. A coefficient of thermal expansion, the rate of 
complex viscoelasticity, an adhesive property, and cure time were investigated on condition of 
the above-mentioned after vacuum defoaming. The result is shown in Table 1. 
[X(CH 3 ) 2 SiO 1(2 ]C 6 H 5 SiO3 W2 ] 06 (3) 

(X in a formula is 3-glycidoxy propyl group) 
Z-{CH 3 ) 2 SiO(CH 3 ) 2 Si-Z(4) 

(The inside Z of a formula is 3-(m-hydroxyphenyl) propyl group) 

[0040] 

[Example 2] 

The weight average molecular weight 1000, viscosity 9630 mPa-s which are expressed with 
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said formula (3), They are 1 3.0 weight sections (with the number of mols of the epoxy group in 
the organopolysiloxane expressed with a formula (3).) about organopolysiloxane of viscosity 
3050 mPa-s expressed with 25.0 weight sections and said formula (4) in organopolysiloxane of 
the weight per epoxy equivalent 345. The quantity from which the ratio of the number of mols 
of the phenolic hydroxyl group in the organopolysiloxane expressed with a formula (4) is set to 
1.0, 3-glycidoxypropyltrimetoxysilane - 1.0 weight sections and HX-3088 (the capsule type 
amine catalyst by Asahi Chemical Co., Ltd..) Amine-catalyst content: 1.0 weight sections and 
60.0 weight sections of spherical amorphous silica (ADOMA fine [ made from an ADOMA, Inc. 
tech ] ** an average of 1.5 micrometers) were mixed for 40 % of the weight, and the 
hardenability silicone composition was prepared. A coefficient of thermal expansion, the rate of 
complex viscoelasticity, an adhesive property, and cure time were investigated on condition of 
the above-mentioned after vacuum defoaming. The result is shown in Table 1. 
[0041] 
[Example 3] 

The weight average molecular weight 1000, viscosity 1290 mPa-s which are expressed with 
the following siloxane-units type (5), They are 17.0 weight sections (with the number of mols of 
the epoxy group in the organopolysiloxane expressed with a formula (5).) about 
organopolysiloxane of viscosity 3050 mPa-s expressed with 21 .0 weight sections and said 
formula (4) in organopolysiloxane of the weight per epoxy equivalent 270. The quantity from 
which the ratio of the number of mols of the phenolic hydroxyl group in the organopolysiloxane 
expressed with a formula (4) is set to 1.0, 3-glycidoxypropyltrimetoxysilane -- 1 .0 weight 
sections and HX-3088 (the capsule type amine catalyst by Asahi Chemical Co., Ltd..) Amine- 
catalyst content: 1.0 weight sections were mixed for 40 % of the weight, 60.0 weight sections 
were mixed for spherical amorphous silica (ADOMA fine [ made from an ADOMA, Inc. tech ] ** 
an average of 1.5 micrometers), and the hardenability silicone composition was prepared. A 
coefficient of thermal expansion, the rate of complex viscoelasticity, an adhesive property, and 
cure time were investigated on condition of the above-mentioned after vacuum defoaming. The 
result is shown in Table 1. 
[X(CH 3 ) 2 SiO 1/2 ]C 6 H 5 SiO3 /06[2 ] 04 (5) 

(X in a formula is 3-glycidoxy propyl group) 

[0042] 

[Example 4] 

The weight average molecular weight 2200, viscosity 1900 mPa-s which are expressed with 
the following siloxane-units type (6), They are 14 weight sections (with the number of mols of 
the epoxy group in the organopolysiloxane expressed with a formula (6).) about 
organopolysiloxane of viscosity 3050 mPa-s expressed with 24 weight sections and said 
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formula (4) in organopolysiloxane of the weight per epoxy equivalent 345. The quantity from 
which the ratio of the number of mols of the phenolic hydroxyl group in the organopolysiloxane 
expressed with a formula (4) is set to 1.0, 3-glycidoxypropyltrimetoxysilane -- 1.0 weight 
sections and HX-3088 (the capsule type amine catalyst by Asahi Chemical Co., Ltd..) Amine- 
catalyst content: 1 .0 weight sections and 60.0 weight sections of spherical amorphous silica 
(ADOMA fine [ made from an ADOMA, Inc. tech ] ** an average of 1 .5 micrometers) were 
mixed for 40 % of the weight, and the hardenability silicone composition was prepared. A 
coefficient of thermal expansion, the rate of complex viscoelasticity, an adhesive property, and 
cure time were investigated on condition of the above-mentioned after vacuum defoaming. The 
result is shown in Table 1. 
[Y(CH 3 ) 2 SiO 1/2 ]C.H 5 SiO 3/04[2 ] 06 (6) 

(The inside Y of a formula is 2-(3,4-epoxycyclohexyl) ethyl group) 
[0043] 

[Comparative example 1] 

bisphenol A type liquid epoxy resin (Japan epoxy resin incorporated company make.) Epicoat 
828, viscosity 15 mPa-s, and the weight per epoxy equivalent 190 23.0 weight sections, A 
liquefied phenol compound (made in Meiwa Chemicals, Inc., MEH8000H) 17.0 weight 
sections, as a hardening accelerator - HX-3088 (the capsule type amine catalyst by Asahi 
Chemical Co., Ltd..) Amine-catalyst content: 1.0 weight sections and spherical amorphous 
silica (ADOMA fine [ made from an ADOMA, Inc. tech ] ** an average of 1 .5 micrometers) 60.0 
weight section were mixed for 40 % of the weight, and the hardenability epoxy resin 
composition was prepared. A coefficient of thermal expansion, the rate of complex 
viscoelasticity, an adhesive property, and cure time were investigated on condition of the 
above-mentioned after vacuum defoaming. The result is shown in Table 2. It was admitted that 
the complex modulus of the hardened material was very highly [ as 2900 ] upright. 
[0044] 

[Comparative example 2] 

The weight average molecular weight 45000, viscosity 17700 mPa-s which are expressed with 
the following siloxane-units type (7), Organopolysiloxane of the weight per epoxy equivalent 
3850 36,0 weight sections, They are 2.0 weight sections (with the number of mols of the epoxy 
group in the organopolysiloxane expressed with a formula (7).) about organopolysiloxane of 
viscosity 3050 mPa-s expressed with said formula (4). The quantity from which the ratio of the 
number of mols of the phenolic hydroxyl group in the organopolysiloxane expressed with a 
formula (4) is set to 1 .0, as a hardening accelerator - HX-3088 (the capsule type amine 
catalyst by Asahi Chemical Co., Ltd..) Amine-catalyst content: 1.0 weight sections were mixed 
for 40 % of the weight, 60.0 weight sections were mixed for spherical amorphous silica 
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(ADOMA fine [ made from an ADOMA, Inc. tech ] ** an average of 1 .5 micrometers), and the 
hardenability silicone composition was prepared. A coefficient of thermal expansion, the rate of 
complex viscoelasticity, an adhesive property, and cure time were investigated on condition of 
the above-mentioned after vacuum defoaming. The result is shown in Table 2. 

[(CH 3 ) 3 Si0 1/2 ] ^iO^^^ 0 024 [(CH 3 ) 2 ] 0.972 (7) 

(X in a formula is 3-glycidoxy propyl group) 
[0045] 

[Comparative example 3] 

The weight average molecular weight 1500, viscosity 1200 mPa-s which are expressed with 
the following siloxane-units type (8), Organopolysiloxane of the weight per epoxy equivalent 
370 21.0 weight sections, They are 1 7.0 weight sections {with the number of mols of the epoxy 
group in the organopolysiloxane expressed with a formula (8).) about organopolysiloxane of 
the weight average molecular weight 630 and viscosity 840 mPa-s which are expressed with 
the following siloxane-units type (9). The quantity from which the ratio of the number of mols of 
the phenolic hydroxyl group in the organopolysiloxane expressed with a formula (9) is set to 
1.0, as a hardening accelerator -- HX-3088 (the capsule type amine catalyst by Asahi 
Chemical Co., Ltd..) An encapsulation amine catalyst content 40% of the weight in bisphenol A 
type liquid epoxy resin 1.0 weight sections, 1.0 weight sections and spherical amorphous silica 
(ADOMA fine [ made from an ADOMA, Inc. tech ] ** an average of 1 .5 micrometers) 70.0 
weight section were mixed for 3-glycidoxypropyltrimetoxysilane, and the hardenability silicone 
composition was prepared. The coefficient of thermal expansion and the rate of complex 
viscoelasticity were investigated on condition of the above-mentioned after vacuum defoaming 
except having carried out oven heating at 180 ** for 2 hours, after carrying out casting to the 
metallic mold and carrying out oven heating at 150 ** for 2 hours. An adhesive property and 
cure time were investigated on condition of the above-mentioned. The characteristic is shown 
in Table 2. 

[(CH 3 ) 3 Si0 1/2 ]- 2 Si0 2/R 9 (CH3)Sj0 ^ ^ [2]o33[( ch 3 )2 ] 0.50 (8) 

Basis as which R 9 in a formula is expressed in a lower type : 
[Formula 5] 
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[< CH 3>2 Si0 2,2] R < CH 3> Si0 2 W 2W 9 > 



Basis as which R in a formula is expressed in a lower type : 
[Formula 6] 




X>H 



[0046] 

[Comparative example 4] 

The weight average molecular weight 950, viscosity 177000 mPa-s which are expressed with a 
lower type (10), They are 22.0 weight sections (with the number of mols of the epoxy group in 
the organopolysiloxane expressed with a formula (10).) about organopolysiloxane of the weight 
average molecular weight 630 and viscosity 840 mPa-s which are expressed with 16.0 weight 
sections and the above-mentioned formula (9) in organopolysiloxane of the weight per epoxy 
equivalent 240. The quantity from which the ratio of the number of mols of the phenolic 
hydroxyl group in the organopolysiloxane expressed with said formula (9) is set to 1.0, as a 
hardening accelerator -- HX-3088 (the capsule type amine catalyst by Asahi Chemical Co., 
Ltd..) An encapsulation amine catalyst content 40% of the weight in bisphenol A type liquid 
epoxy resin 1.0 weight sections, 1.0 weight sections and spherical amorphous silica (ADO MA 
fine [ made from an ADOMA, Inc. tech ] ** an average of 1 .5 micrometers) 70.0 weight section 
were mixed for 3-glycidoxypropyltrimetoxysilane, and the hardenability silicone composition 
was prepared. The coefficient of thermal expansion and the rate of complex viscoelasticity 
were investigated on condition of the above-mentioned after vacuum defoaming except having 
carried out oven heating at 180 ** for 2 hours, after carrying out casting to the metallic mold 
and carrying out oven heating at 150 ** for 2 hours. An adhesive property and cure time were 
investigated on condition of the above-mentioned. The characteristic is shown in Table 2. 
[Formula 7] 
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[0047] 

[Comparative example 5] 

The weight average molecular weight 696, viscosity 110 mPa-s which are expressed with a 
lower type (1 1 ), They are 20.0 weight sections {with the number of mols of the epoxy group in 
the organopoiysiloxane expressed with a formula (11).) about organopolysiloxane of viscosity 
3050 mPa-s expressed with 17.0 weight sections and said formula (4) in organopolysiloxane of 
the weight per epoxy equivalent 1 74. The quantity from which the ratio of the number of mols 
of the phenolic hydroxyl group in the organopolysiloxane expressed with a formula (4) is set to 
1 .0, as a hardening accelerator -- HX-3088 (the capsule type amine catalyst by Asahi 
Chemical Co., Ltd..) Amine-catalyst content: 1 .0 weight sections were mixed for 40 % of the 
weight, 60.0 weight sections were mixed for spherical amorphous silica (ADOMA fine [ made 
from an ADOMA, Inc. tech ] ** an average of 1.5 micrometers), and the hardenability silicone 
composition was prepared. A coefficient of thermal expansion, the rate of complex 
viscoelasticity, an adhesive property, and cure time were investigated on condition of the 
above-mentioned after vacuum defoaming. The result is shown in Table 2. 
[Formula 9] 




(X in a formula is 3-glycidoxy propyl group) 

[0048] 

[Table 1] 
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[0049] 
[Table 2] 
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* : the hardened material was dramatically weak and was not able to measure. 



http://www4jpdUnpiLgojpfc^ 7/6/2009 



JiVZUU^-m /bei.A [Dnl AlLilL) UiioCKlKl 1UW J Fage 21 ot 21 



[Translation done.] 



http://www4.ipdl.mpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipd... 7/6/2009 



rage i on 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] 
[0001] 

This invention is excellent in the hardening characteristic in detail about a hardenability silicone 
composition, and after hardening is related with the hardenability silicone composition used as 
the hardened materia! excellent in flexibility and an adhesive property. 



[Translation done.] 
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* NOTICES * 

JPO and IffPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 

[Background of the Invention] 
[0002] 

Conventionally, since the elastic modulus of the hardened material is greatly upright, as for 
hardenability resin compositions, such as an epoxy resin composition currently used for an 
electrical part, the electrical and electric equipment and the sealing agent for electronic 
devices, adhesives, etc., big stress is added to the electrical and electric equipment and 
electronic device closed by the thermal expansion of hardening resin by the resin. This stress 
causes the curvature of the electrical and electric equipment and an electronic device, and the 
curvature of a substrate, produces a crack in hardening resin itself, destroys the electrical and 
electric equipment and an electronic device, or produces a crevice between the electrical and 
electric equipment and an electronic device, and hardening resin. 
[0003] 

The hardenability resin composition which blends with hardening resin the silicone resin which 
has an epoxy group for the purpose of low-stress-izing of hardening resin (refer to JP,5- 
295084,A), the die attach paste (JP,10-147764,A.) which consists of a resultant of an epoxy 
resin and cyanate resin, and the dimethylsiloxane compound that has an epoxy group the die 
bonding material (JP, 7-22441 ,A.) which consists of a reactant living thing of refer to JP.10- 
163232.A, epoxy group content silicone oil, and a phenol system organic compound JP,7- 
118365.A, referring to JP,10-130465,A, etc. are proposed. However, these hardened materials 
are still upright, their low-stress-izing is insufficient, and there was a limit in application to the 
electrical and electric equipment, and an electronic device. 
[0004] 

On the other hand, since the hardened material produced by hardening this is excellent in 
electrical properties, such as dielectric characteristics, volume resistivity, and electrical 
breakdown strength, the hardenability silicone composition is used for an electrical part, the 
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electrical anci'electric equipment and the sealing agent for electronic devices, adhesives, etc. 
However, there was a problem that a hardenability silicone composition had a protection 
feature small [ the coefficient of thermal expansion is large, or ] to the protection ability of the 
electric electronic component, i.e., the shock from the outside, since intensity anci the elastic 
modulus are low while the hardened material produced by hardening this is flexible. Since the 
adhesive property over the electrical and electric equipment and electronic device of a 
hardened material was low, the problem of producing a crevice was also between the electrical 
and electric equipment and an electronic device, and hardening resin. For this reason, 
although it was possible to blend a bulking agent and to make small the coefficient of thermal 
expansion of a flexible hardened material, the elastic modulus became large rapidly with 
combination of the bulking agent, there was a problem that that pliability and flexibility were 
lost, and there was a limit also in that improvement effect. 
[0005] 

The hardenability silicone resin composition with short gel time which consists of epoxy 
modified silicone oil and phenol modified silicone oil is proposed by JP,6-306084,A. However, 
the resin composition was inferior to hardenability, and there was a problem of requiring long 
cooking time in hardening of a constituent. 
[0006] 

[Patent documents 1] JP,5-295084,A 
[Patent documents 2] JP.10-147764.A 
[Patent documents 3] JP,10-163232,A 
[Patent documents 4] JP,7-22441,A 
[Patent documents 5] JP,7-118365,A 
[Patent documents 6] JP,10-130465,A 
[Patent documents 7] JP,6-306084,A 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] 
[0010] 

The hardenability silicone composition of this invention is the (A) following siloxane-units type 
(1)-: 

f Rl 3 Si0 1/ 2 ] a[ R2 2 Si °2/ 2 ] bt R3Si0 3/2^ c < 1 > 

{R 1 , R 2 , and R 3 are substitution or an unsubstituted monovalent hydrocarbon group among a 
formula, Before long, at least two pieces are epoxy group content monovalent hydrocarbon 
groups which do not contain an aromatic ring, more than 20 mol % of R 3 is an aryl group, it is 
a+b+c=1, a is an average of 0<=a<=0.8, b is an average of 0<=b<=0.8, and c is an average of 
0.2<=c<=1 .0. The organopolysiloxane which has at least two epoxy group content monovalent 
hydrocarbon groups which do not contain the aromatic ring expressed with}, (B) Since it 
consists of organopolysiloxane of the straight chain shape which has at least two phenolic 
hydroxyl group content monovalent hydrocarbon groups, and a (C) hardening accelerator, it 
hardens promptly and shortening of cooking time or reduction of heat cure temperature is 
attained in the forming cycle. That is, when it is used as a protective layer of detailed and 
vulnerable parts, the breakage can be prevented, and adhesion with a substrate also becomes 
firm from the ability of interna! stress by thermal expansion to be made small in the forming 
cycle. The hardenability silicone composition of this invention shows a good adhesive property 
also to substrates of a difficulty adhesive property, such as a solder resist, nickel, and copper. 
Therefore, it is useful as an electrical part, the encapsulant of an electronic device, a casting 
agent, a coating agent, adhesives, etc. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] 
[0007] 

This invention persons reached this invention, as a result of trying hard wholeheartedly, in 

order to solve the above-mentioned problem. 

[0008] 

That is, the purpose of this invention is hardened promptly and there is after hardening in 
providing the hardenability silicone composition used as hardening resin excellent in flexibility 
and an adhesive property. 
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MEANS 

[Means for Solving the Problem] 
[0009] 

This invention is the (A) following siloxane-units type (1). : 

[ Rl 3 Sl0 1/2>- a [ R2 2 Si °2, 2 lb[ R3si0 3/2)c( 1 ' 

{R\ R 2 , and R 3 are substitution or an unsubstituted monovalent hydrocarbon group among a 
formula, Before long, at least two pieces are epoxy group content monovalent hydrocarbon 
groups which do not contain an aromatic ring, more than 20 mol % of R 3 is an ary! group, it is 
a+b+c=1, a is an average of 0<=a<=0.8, b is an average of 0<=b<=0.8, and c is an average of 
0.2<=c<=1,0. Organopolysiloxane which has at least two epoxy group content monovalent 
hydrocarbon groups which do not contain an aromatic ring expressed with}, (B) It is related 
with a hardenability silicone composition consisting of organopolysiloxane of straight chain 
shape which has at least two phenolic hydroxy! group content monovalent hydrocarbon 
groups, and a (C) hardening accelerator. 
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EXAMPLE 



[Example] 
[0037] 

Hereafter, an example explains this invention. The various characteristics of the hardenability 
silicone composition and the hardened material were measured by the method shown below. 
[0038] 

[Viscosity] It measured on condition of for 25 ** and 2.5/of number of rotations using :E type 
viscosity meter (the product made by TOKIMEC, a DIGITAL VISCOMETER DV-U-E il type). 
[Coefficient of thermal expansion]: After filling up with the hardenability silicone composition 
the metallic mold which has a cavity 4 mm in width, 1 5 mm in length, and 4 mm in depth and 
defoaming by 70mmHg, press hardening was carried out for 60 minutes on condition of 150 ** 
and 2.5MPa. Subsequently, the 2nd order was heated in 2-hour oven at 180 **, and the 
hardened material specimen was obtained. TMA (TM-9200 by vacuum science-and- 
engineering stock meeting incorporated company) was used, temperature up of the obtained 
specimen was carried out from 25 ** to 210 ** by a part for 2.5 ** of temperature-up/, and 
thermal expansion was measured. 

[The rate of complex viscoelasticity]: After filling up with the hardenability silicone composition 
the metallic mold which has a cavity 10 mm in width, 50 mm in length, and 2 mm in depth and 
defoaming by 70mmHg, press hardening was carried out for 60 minutes on condition of 150 ** 
and 2.5MPa. Subsequently, the hardened material specimen heated the 2nd order in 2-hour 
oven at 180 ** was obtained. The rate of complex viscoelasticity in 25 ** when an ARES 
viscoelasticity measuring apparatus (made by Rheometric Scientific) is used and temperature 
up of the obtained specimen is carried out from -50 ** to 150 ** by a part for 0.5% of torsion, 
pitch [ of 1 Hz ], and heating -rate/of 3 ** was measured. 

[Adhesive property] : A solder resist (the developed type solder resist of negatives, Taiyo Ink 
Mfg., Inc. make PSR-4000 CC02/CA-40 CC02) is applied to the base made of bismaleimide 
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triazine resin (common name: BT resin), ultraviolet drying -- it exposed and hardened (150 **, 
1 hour), the solder resist layer (50-micrometer thickness) was formed on BT board, and this 
was made into adherend. In addition, the glass plate, the aluminum board, the nickel board, 
and the copper plate were also evaluated as adherend. After applying about 1 cm of 
hardenability silicone composition 3 on such adherends and heating it in 2-hour oven at 125 **, 
oven heating was performed at 180 ** for 2 hours, and the specimen for adhesive evaluation 
was obtained. From the obtained specimen, visual observation of peel-off and its adhesive 
property was carried out for the hardened material under the microscope using the dental 
spatula. The case of ** and interfacial peeling was made into x for the case where interfacial 
peeling of the case of cohesive failure is carried out after O and a pellicle have remained. 
[Hardenability examination]: The 40-micrometer-thick tape was stuck five sheets on the glass 
plate, the cavity (15 mm in width, 50 mm in length, and 0.2 mm in thickness) was provided, 
and it was used and filled up with the hardenability silicone composition for the squeegee. The 
obtained specimen was put into 150 ** hot wind circle method oven, the dental spatula 
described the hardenability silicone composition surface every 15 minutes, and time until the 
cobwebbing of a sample is lost was pursued. 

[Weight average molecular weight]: The weight average molecular weight which measured 
toluene by the solvent and GPC and which carried out polystyrene conversion is shown. 
[0039] 
[Example 1] 

The weight average molecular weight 1000, viscosity 9630 mPa-s which are expressed with 
the following siloxane-units type (3), They are 13.0 weight sections (with the number of mols of 
the epoxy group in the organopolysiloxane expressed with a formula (3).) about 
organopolysiloxane of viscosity 3050 mPa-s expressed with 25.0 weight sections and the 
following siloxane-units type (4) in organopolysiloxane of the weight per epoxy equivalent 345. 
The quantity from which the ratio of the number of mols of the phenolic hydroxyl group in the 
organopolysiloxane expressed with a formula (4) is set to 1 .0, 1 .0 weight sections and 60.0 
weight sections of spherical amorphous silica (ADOMA fine [ made from an ADOMA, Inc. 
tech ] ** an average of 1 .5 micrometers) were mixed for HX-3088 (the capsule type amine 
catalyst by Asahi Chemical Co., Ltd., amine-catalyst content: 40 % of the weight), and the 
hardenability silicone composition was prepared. A coefficient of thermal expansion, the rate of 
complex viscoelasticity, an adhesive property, and cure time were investigated on condition of 
the above-mentioned after vacuum defoaming. The result is shown in Table 1 . 
MCH^SiO^C^SiO^],,^) 

(X in a formula is 3-glycidoxy propyl group) 
Z-(CH 3 ) 2 SiO(CH 3 ) 2 Si-Z (4) 
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(The inside Z of a formula is 3-{m-hydroxyphenyl) propyl group) 

[0040] 

[Example 2] 

The weight average molecular weight 1000, viscosity 9630 mPa-s which are expressed with 
said formula (3), They are 13.0 weight sections (with the number of mols of the epoxy group in 
the organopolysiloxane expressed with a formula (3).) about organopolysiloxane of viscosity 
3050 mPa-s expressed with 25.0 weight sections and said formula (4) in organopolysiloxane of 
the weight per epoxy equivalent 345. The quantity from which the ratio of the number of mols 
of the phenolic hydroxyl group in the organopolysiloxane expressed with a formula (4) is set to 
1.0, 3-glycidoxypropy!trimetoxysilane -- 1.0 weight sections and HX-3088 (the capsule type 
amine catalyst by Asahi Chemical Co., Ltd..) Amine-catalyst content: 1 .0. weight sections and 
60.0 weight sections of spherical amorphous silica (ADOMA fine [ made from an ADOMA, Inc. 
tech ] ** an average of 1 .5 micrometers) were mixed for 40 % of the weight, and the 
hardenability silicone composition was prepared. A coefficient of thermal expansion, the rate of 
complex viscoelasticity, an adhesive property, and cure time were investigated on condition of 
the above-mentioned after vacuum defoaming. The result is shown in Table 1 . 
[0041] 
[Example 3] 

The weight average molecular weight 1000, viscosity 1290 mPa-s which are expressed with 
the following siloxane-units type (5), They are 17.0 weight sections (with the number of mols of 
the epoxy group in the organopolysiloxane expressed with a formula (5).) about 
organopolysiloxane of viscosity 3050 mPa-s expressed with 21 .0 weight sections and said 
formula (4) in organopolysiloxane of the weight per epoxy equivalent 270. The quantity from 
which the ratio of the number of mols of the phenolic hydroxyl group in the organopolysiloxane 
expressed with a formula (4) is set to 1.0, 3-giycidoxypropyltrimetoxysilane -- 1 .0 weight 
sections and HX-3088 (the capsule type amine catalyst by Asahi Chemical Co., Ltd..) Amine- 
catalyst content: 1 .0 weight sections were mixed for 40 % of the weight, 60.0 weight sections 
were mixed for spherical amorphous silica (ADOMA fine [ made from an ADOMA, Inc. tech ] ** 
an average of 1 .5 micrometers), and the hardenability silicone composition was prepared. A 
coefficient of thermai expansion, the rate of complex viscoelasticity, an adhesive property, and 
cure time were investigated on condition of the above-mentioned after vacuum defoaming. The 
result is shown in Table 1 . 
[X(CH 3 ) 2 SiO 1c ]C 6 H 5 SiO v ] 04 (5) 

(X in a formula is 3-glycidoxy propyl group) 

[0042) 

[Example 4] 
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The weight average molecular weight 2200, viscosity 1900 mPa-s which are expressed with 
the following siloxane-units type (6), They are 14 weight sections (with the number of mols of 
the epoxy group in the organopolysiloxane expressed with a formula (6).) about 
organopolysiloxane of viscosity 3050 mPa-s expressed with 24 weight sections and said 
formula (4) in organopolysiloxane of the weight per epoxy equivalent 345. The quantity from 
which the ratio of the number of mols of the phenolic hydroxyl group in the organopolysiloxane 
expressed with a formula (4) is set to 1.0, 3-glycidoxypropyltrimetoxysilane - 1.0 weight 
sections and HX-3088 (the capsule type amine catalyst by Asahi Chemical Co., Ltd..) Amine- 
catalyst content: 1.0 weight sections and 60.0 weight sections of spherical amorphous silica 
(ADOMA fine [ made from an ADOMA, Inc. tech ] ** an average of 1 .5 micrometers) were 
mixed for 40 % of the weight, and the hardenability silicone composition was prepared. A 
coefficient of thermal expansion, the rate of complex viscoelasticity, an adhesive property, and 
cure time were investigated on condition of the above-mentioned after vacuum defoaming. The 
result is shown in Table 1 . 
(V(CH 3 ) 2 Si0 1/2 ]C 6 H 6 SiO ] 06 (6) 

0.4 L 

(The inside Y of a formula is 2-(3,4-epoxycyclohexyl) ethyl group) 
[0043] 

[Comparative example 1] 

bisphenol A type liquid epoxy resin (Japan epoxy resin incorporated company make.) Epicoat 
828, viscosity 15 mPa-s, and the weight per epoxy equivalent 190 23.0 weight sections, A 
liquefied phenol compound (made in Meiwa Chemicals, Inc., MEH8000H) 17.0 weight 
sections, as a hardening accelerator - HX-3088 (the capsule type amine catalyst by Asahi 
Chemical Co., Ltd..) Amine-catalyst content: 1.0 weight sections and spherical amorphous 
silica (ADOMA fine [ made from an ADOMA, Inc. tech ] ** an average of 1 .5 micrometers) 60.0 
weight section were mixed for 40 % of the weight, and the hardenability epoxy resin 
composition was prepared. A coefficient of thermal expansion, the rate of complex 
viscoelasticity, an adhesive property, and cure time were investigated on condition of the 
above-mentioned after vacuum defoaming. The result is shown in Table 2. It was admitted that 
the complex modulus of the hardened material was very highly [ as 2900 ] upright. 
[0044] 

[Comparative example 2] 

The weight average molecular weight 45000, viscosity 17700 mPa-s which are expressed with 
the following siloxane-units type (7), Organopolysiloxane of the weight per epoxy equivalent 
3850 36.0 weight sections, They are 2.0 weight sections (with the number of mols of the epoxy 
group in the organopolysiloxane expressed with a formula (7).) about organopolysiloxane of 
viscosity 3050 mPa-s expressed with said formula (4). The quantity from which the ratio of the 
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number of mols of the phenolic hydroxyl group in the organopolysiloxane expressed with a 
formula (4) is set to 1.0, as a hardening accelerator -- HX-3088 (the capsule type amine 
catalyst by Asahi Chemical Co., Ltd..) Amine-catalyst content: 1.0 weight sections were mixed 
for 40 % of the weight, 60.0 weight sections were mixed for spherical amorphous silica 
(ADOMA fine [ made from an ADOMA, Inc. tech ] ** an average of 1 .5 micrometers), and the 
hardenability silicone composition was prepared. A coefficient of thermal expansion, the rate of 
complex viscoelasticity, an adhesive property, and cure time were investigated on condition of 
the above-mentioned after vacuum defoaming. The result is shown in Table 2. 

t(CH 3 ) 3 Si0 1/J 2 Si °2/XCH.Si0 2/ ] [(CH.) J 0.972 < 7 > 

0.003 1 

(X in a formula is 3-glycidoxy propyl group) 
[0045] 

[Comparative example 3] 

The weight average molecular weight 1500, viscosity 1200 mPa-s which are expressed with 
the following siloxane-units type (8), Organopolysiloxane of the weight per epoxy equivalent 
370 21.0 weight sections, They are 17.0 weight sections (with the number of mols of the epoxy 
group in the organopolysiloxane expressed with a formula (8).) about organopolysiloxane of 
the weight average molecular weight 630 and viscosity 840 mPa-s which are expressed with 
the following siloxane-units type (9). The quantity from which the ratio of the number of mols of 
the phenolic hydroxyl group in the organopolysiloxane expressed with a formula (9) is set to 
1.0, as a hardening accelerator - HX-3088 (the capsule type amine catalyst by Asahi 
Chemical Co., Ltd..) An encapsulation amine catalyst content 40% of the weight in bisphenol A 
type liquid epoxy resin 1.0 weight sections, 1.0 weight sections and spherical amorphous silica 
(ADOMA fine [ made from an ADOMA, Inc. tech ] ** an average of 1 .5 micrometers) 70.0 
weight section were mixed for 3-glycidoxypropyltrimetoxysilane, and the hardenability silicone 
composition was prepared. The coefficient of thermal expansion and the rate of complex 
viscoelasticity were investigated on condition of the above-mentioned after vacuum defoaming 
except having carried out oven heating at 180 ** for 2 hours, after carrying out casting to the 
metallic mold and carrying out oven heating at 150 ** for 2 hours. An adhesive property and 
cure time were investigated on condition of the above-mentioned. The characteristic is shown 
in Table 2. 

K CH 3> 3 Si °1/ 2 ] 2 Si °2/R 9 (CH 3 ) SIO ^ ^[(CHg) 2 ] 0.50 ^ 

Basis as which R 9 in a formula is expressed in a lower type : 
[Formula 5] 
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[(CH 3 ) 2 SiO 2 , 2 lR lu (CH 3 )SiO 2/05[2 l 05 (9) 

Basis as which R 10 in a formula is expressed in a lower type : 
[Formula 6] 




[0046] 

[Comparative example 4] 

The weight average molecular weight 950, viscosity 177000 mPa-s which are expressed with a 
lower type (10), They are 22.0 weight sections (with the number of mols of the epoxy group in 
the organopolysiloxane expressed with a formula (10).) about organopolysiloxane of the weight 
average molecular weight 630 and viscosity 840 mPa-s which are expressed with 16.0 weight 
sections and the above-mentioned formula (9) in organopolysiloxane of the weight per epoxy 
equivalent 240. The quantity from which the ratio of the number of mols of the phenolic 
hydroxyl group in the organopolysiloxane expressed with said formula (9) is set to 1.0, as a 
hardening accelerator -- HX-3088 (the capsule type amine catalyst by Asahi Chemical Co., 
Ltd..) An encapsulation amine catalyst content 40% of the weight in bisphenol A type liquid 
epoxy resin 1.0 weight sections, 1.0 weight sections and spherical amorphous silica (ADOMA 
fine [ made from an ADOMA, Inc. tech ] ** an average of 1.5 micrometers) 70.0 weight section 
were mixed for 3-glycidoxypropyltrimetoxysilane, and the hardenability silicone composition 
was prepared. The coefficient of thermal expansion and the rate of complex viscoelasticity 
were investigated on condition of the above-mentioned after vacuum defoaming except having 
carried out oven heating at 180 ** for 2 hours, after carrying out casting to the metallic mold 
and carrying out oven heating at 150 ** for 2 hours. An adhesive property and cure time were 
investigated on condition of the above-mentioned. The characteristic is shown in Table 2. 
[Formula 7] 
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[0047] 

[Comparative example 5] 

The weight average molecular weight 696, viscosity 110 mPa-s which are expressed with a 
lower type (11), They are 20.0 weight sections (with the number of mols of the epoxy group in 
the organopolysiloxane expressed with a formula (11).) about organopolysiloxane of viscosity 
3050 mPa-s expressed with 17.0 weight sections and said formula (4) in organopolysiloxane of 
the weight per epoxy equivalent 1 74. The quantity from which the ratio of the number of mols 
of the phenolic hydroxyl group in the organopolysiloxane expressed with a formula (4) is set to 
1.0, as a hardening accelerator HX-3088 (the capsule type amine catalyst by Asahi 
Chemicai Co., Ltd..) Amine-catalyst content: 1.0 weight sections were mixed for 40 % of the 
weight, 60.0 weight sections were mixed for spherical amorphous silica (ADOMA fine [ made 
from an ADOMA, Inc. tech ] ** an average of 1.5 micrometers), and the hardenability silicone 
composition was prepared. A coefficient of thermal expansion, the rate of complex 
viscoelasticity, an adhesive property, and cure time were investigated on condition of the 
above-mentioned after vacuum defoaming. The result is shown in Table 2. 
[Formula 9] 
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(1 1) 



(X in a formula is 3-glycidoxy propyl group) 

[0048] 

[Table 1] 
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[0049] 
[Table 2] 
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* : the hardened materia! was dramatically weak and was not able to measure. 
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(57) [JEft] 

[Ri 3 S i0 1/3 ) a (R2 2 Si0 2/2 ) b (R3 Si0 3/2 ) c (1) 
±(±r i ;-;Pat*'5, a + b + c = lT"J>9.. attWOSaSO. 8T**>, bfcW 

*-y^WX fcjtf (C) WfcflBMW»if,**itt1«|jti:+6, Wfctt^Ua-y 



(2) 



^12005-154766 (P2005-154766A) 



(A) TlBvo^yiMK (1) : 

[R1 3 SiO, /2 ). [R2 2 Si0 2/2 ) b [R3 Si0 3/2 ) c (1) 

±(4r , J-;P3ST* l J, a + b + c = lT*D, a&^OS a g 0 . bti^F 
i^O^Sb^O. ct4¥te)0. 2ScSl. OT"ifc§„ } 

(B) 7i j~i^mmm;^-mmmmm*&ti:< 1 1, 2«*t&naBtt»*;i/#y 
(c) wtfljaspj 

[i£&H2] 
[!S«] 

(a) js#*sia«T*sit*!mafri, !S*iHii«ifi*3S2t:ie« £ ?)?s«>- i J 

.11*3014] 

(A) mZmti/ri^ymtt (l ) a^ft)0<a^O. 8T&0. btfOT 
[MS05] 

(B) jjfcJW, TIE* (2) T«9ft„6*n^f/slfU^n^^r*titt1«jltf 4 

R? 3 S i 0(R8 2 s i °)m s i R7 3 (2) 

3^^<tt2«±7^y-;HfcKS«^#-TObJ<*«T*>l>. mjio 
-lOOOflSBRTftS. } 
[Mf«] 

(A)*#iooMWt*fu (B) atai-iooosMk (omo. 01- 

[IWKH7] 

(A) jftdW>IiK'fS^feV^y£/H'ffi^Hb6V^i, 3, 4-x^yy; D \Jfy;H 

11*11 1 -scov^-rix^i JitieBwffifttt^ y 3->«jeiii*wttT&£Wisi*i. 



[0001] 



(3) 



1^2005-154766 (P2005-154766A) 



[0002] 

mm. im ■ m?m-mn£w, mmwrn^m^tixuh^^mmm. 
mmmmzz ^^mmxMt^i\h%% ■ *ttmzk**m}iwiabi,. zco® 

[0003] 

itm^immsismm^ mwppB - 2 9 5 0 &4m>mm) . x 

W^»f^-Xh (ftBH i 1 0-147 76 4#£*, ftHPF 1 0 - 1 6 3 2 3 2 

if** 1 6 £4 ^4 *>7M >^'W (#H¥7 -2 2 4 4 l-f|4&«, »f7 - 1 1 8 3 6 5 
#&«L WP1 0- 1 3046 5#^«#SS) =&t'A«$ixTV^. U>U £*U 

[0004] 
[0005] 

*)t , WP6 - 3 0 6 0 8 x;K^»>y rJ-y^M ;kB ±1*7 x 

[0006] 

HMwan ] *nm 5-295084 
im^m2immw-i 0-1477 e 

[if#i^CK3] MPP 1 0-1 6323 
[«!M;4] #lffi¥7 - 2 2 4 4 1 ^fR 
[«fHFS3tt5] «P7 - 1 1 8 3 6 5#£HS 
I^Satte ] 1 0-1 30465 

[^1^017] Wffl¥6 - 3 0 6 0 8 4^m 

[0007] 
[0008] 

[0009] 
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*WW4. (A) TtRzsV*?>lMi&i ( 1 ) : 
(Ri 3 SiO I/2 ), [R2 2 Si0 2/2 ) b (R3 Si0 3/2 ) c (1 ) 

k i i 2imi^mm^t^\^t'^^m^Hmi\^mmTh o , r 3 to 2 o^%a 

±(i7U-^TftO; a + b + c = U'ftD, aii^OSaSO. 8T»0, bii^ 
ifejO^b^O. 8T*D. c(±T^0. 2ScSl. OT$>&. } 

( B ) 7 x y-^tt7^S#*-Wk7K*a^^< t t, 2lBTf 4S0*«*;W^y 

*ry^odf^y, tjit; (c) mxmm>hx&zk*mkb't*>* mm.W3-> 

[0010] 

^mmim^u^-ymmm, u> Tie^D^^y*^ ( 1 ) : 

[Ri 3 SiOi /a ). (R 2 2 Si0 2 / 2 ) t [R 3 Si0 3 / 2 )c (1 ) 

Ri , R2 v R3ttJtttifcJi^{Blft«HilKft***T*9. *«05^4< 

t fc 2Mi^^**a*V^^>'»**--ffiKfl5W)atTft D . R 3 ^2 0 
ittT'J^WlTfcO. a + b + c = lt*^ aii^OSaSO. b(±¥ 
^O^bSO. 8T&^ cli^O. 2ScSl. 0^*4. } T*£3ft£3S*ai£"£ 

( b ) 7x ;-n>mm&£G-mik*m i *'j?%< t h 2M#tttemfto*n<$; 

sKUv-a^y, fcjtf <C) «flsffl3iffla»*>i*«0'?\ ffi&fcfflfcU *<0]fiHOTfc 

4*. WJ^t14^Un-y*MWi, y/HT-k^K -7^;K Mi: 

<OiJjfcJW, =?-r4 ««W»i:LT*fflT*4. 

[own 

[0012] 

(A) jS4M4TIE^o^y*ttet ( 1 ) T!mtih*iMfJm yn^tyt* 0 . 
(R3 Si0 3/2 ]|Ha!tPfe463!P, (R 1 3 SiO, /2 ]*fi>(R3 S i 0 3 l7 

[R 2 2 S i 02/ 2 ]*fit[R3 S i0 3/2 ]SLffii*>6$r.&!&\ (R 1 9 
SiO, /2 )ffit(R 2 2 Si0 2/2 ]*fS>[R 3 Si0 3/2 lUffit**^'), 4*7- 
fltitttffltt , 4 (i 3 #SSK3r t'T'fc £ . 

(R1 3 Si0 1/2 ) a (R2 2 Si0 2/2 ) b (R3Si0 3/2 ) c ( 1 } 

3W„ R 1 , R 2 , R3(ill»4fc[l^{ra^Hil)Hli3*c3KI'Cft'5. ;J*Sr<fc t2ffili 

^ ft & i: *«W«Ui8?»^5B3at:BMfc L# < * h frhX'b h . 

[0013] 

lt{±. Rmmi^\-2Q<mmKmmm<n-mmk>mmx'hhLtmj 

Jlttttfcli. x^wa. 7ot;«, T^S, ^y^S^^T^ 

*0>79A«*/l<* ; ?no^f;H, 3, 3, 3- h 'J 7;U^07'Pb";^a^0^n^y 
MJ&7/HvuStft^£ftl>. ffrrt. 7;H^S. ttfc. ?r#S 
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y^K^^nt/H, 4-/y^h'^^7'^S, 2- (3, 4-xsjf^^^n-N4f 
If;H, 3- (3, 4-X#*S's/?nA^S/;v) miTfldS, 2- (3, 4- 
X-ffl^g. 2- (3, 4-X^^-3-^^^n-N^v- 

^"U^H^^Tnf^, 2- (3, 4 -xjt^S^nM' S^U) ifMi 

. i ti hmmm^t %\^x*i/&^~®mvmm$. i *?rtt 2 nKLt#£-f 
s . (a) $^x*^ii; { (a) ^iiT^fi* ( a ) m 1 #?-+OX 
^i^mmTm^tzwm it. 100-200 ortrnvhtzt l< . j: oif 

4UB100-1 OOOT'S) 1 ). ftfcffi LXttlOO — 700Tfc*. ^M, d<?> 
[0014] 

, R 3 692 0 =t)V%t\k\±7 U ~)V&Xh 50 *A-%J2Lt#7 U £ 
ik*«*F4t<. 80t;WJSLh* t rU-;uarc*SC:i:*«J: , )ff*U\ iftfi. ±JE 

U 3 - y ffljaSft<0«-ftfti^3fiK j&%^t-=fl: A 1 o fc *) -t ft ft T* ft . 

-g-f^/WRS: 1 fc Lfc*£05 WE;l**:£l*LT ^ft . Lfc** o T a + b + c = 1 T*» 
*.**3. a + b^OtU^^ffaU^. iflll, (A) W(R 3 Si0 3/2 ) 

*ffi<9**»&** t , *<ott«**iS< sc o -fanran ^^^Mrtft^tfifc ft & r 

ft*. af^OSaSO. «F4 L<te0<a^0 . 6^0, ± l 9iF4L< 

(40. 3SaS0, 6T"£>ft. tftii. £««H<0jJRSrjBi4 lUMiJOtM ^o^"? 

(40SbS0. 6-CifcS. iWl b^i««H<OJbl«*«i*k, *»W*B^WW-fl: 
WiifK^cft^^ft^^T^ft. c(4^0. 2ScSl. OT'&D, *?4L<(40 

ft fc 4 0 t^T^B^fflJ^WJRfflv^iHt^atft Lis. 0 . 

«"r«tt3&t»3T'5: < & ft ft . 

[0015] 

^nJftl-yiiM ( 1 ) TmZtlZ>$f£L^(A)i$,ttt LT14. TIE^t'^^tift^^ 
#y#y^n*1fy:WH^Sft,*. TfB«»k a, bfclVciilillBOt^^Tfcft 
afcJtfbliO-Ctl&U. x. yfiO. 2Sx<l. 0, 0<y<0. 2T*J>0, x 
+ y=cT**. TIE^+, Xf4^y^H^>-rnt:A«, Y«2- (3, 4-x^v 

y^n^y^) x^ua^^-r. 

[0016] 

[X(CH 3 ) 2 Si0 1/z ). [C 6 H 5 Si0 3/2 ) c 

(Y(CH 3 ) 2 SiO 1/2 ) a (C 6 H 5 Si0 3/! ] c 

(X(CH 3 ) 2 S i Oi /2 ] a (<CH 3 ) 2 S i 0,/ilb [C E H 5 S i0 3/2 ) c 

(Y(CH,) 2 Si 0 1/2 ] a ((CH 3 ) ! SiO J/! ) b (C 6 H 5 Si0 3/! ] c 

(XCH 3 S i 0 2/2 ] b [C 6 H 5 S i 0 3/2 ) c 

[YCH 3 S i 0 2/2 ] h [C 6 H 6 S i 0 3/2 ] c 

[X(CH 3 ) 2 S10 )/2 ] a (C 6 H 5 Si0 3/J ) x (CH 3 Si0 3/2 ] y 
(Y(CH s )j S i 0, /2 ] a (C B H 5 S i0 3/2 ] x [CH 3 S i0 3/2 ) y 
(C 6 H 6 Si0 3/! ) x (XSi0 3/2 ) y 
[C 6 H 6 Si0 3/2 ] x (YSi0 3/2 ) y 
[0017] 
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W>VhV*h*yyyy*?2- (3, X^MJ^N^ 

fl-tliT/l^^^y, flit*, 3-/U>-b'df^7°p^h)J^h=3f^x7>"^2- 
(3, x^MM h^vv^fc^BKT^-Mii^. 

•^yt . iiBfiMfeWSfci^^^^-i^v^x^^^-ffl^^^a^^-r^ 

[0018] 

0)##TTmWL&i-Z>-m ; IC«H 5 S i 0 3/2 )*ffi*>f>^S^U3-yi/^>tlR^ 
^f;K3-/'J^H^>7Dt» ynwytL,<ii»f;K2- (3, 4-x 
tf^i^p/v^/lO ) x^/U^n4f^ktaaM*W«#4Tr a rtM^4 
; #it>\ [C 6 H 6 S i o 3/2 )mfi^4> ; tl.^ , Ja-y)x^>t^^f';i' ( 3-7' 
U^K^r^7°Pt;t^) yPW>'tL<liit^f;K2- (3, 4-x^v-^^oa. 

[0019] 

tswt t, iw mmmtste^ ^mm*m\vz o , mm ut *)+tzt r, flaw 

*4 i t ifi U\ ( A ) 5 0 0-10000 L< , 

7 50— 3O00*« J: "5 iff* U\ 
[0020] 

[0021] 

(B) 7i /-;H4*»S^*HBKfl:*««Sr^< 1 1> 2«**^4lIi»W)*/P* 

i/nmit ( a ) Aj»<onnrrft o » tia-r* ( c ) is#tof^fflt ± o ( a 
> m^^ttisSkmix+mmmzsimMzvimtmh . < b > 

lthu td-as. Anyy»*7/i*;WfeMb6. (b 

) j&m^oeM sa&^fcfcJi^ T;U3#i^fit**LT t J; vi. ( b ) A 

M2 5^cm^, BUB, ffittcowffrctjv^ 1XftvtaSU3*6. M»S 

U\ Jlft«£te. 25'Ctj3UTl-1 0 0 0O00mPa- s«teE£*r*-4£i:# 

mt<, mz, ioo-5ooomp a ■ swmmm-hizttfmi-w ztm* 
«sv ^Hw^fflrrr « am** &&i>t% i . 

[0022] 
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R7 3 S iO(R8 2 S iO)« Si FT' 3 (2) 

4 U ^ 7 x y -;HS*8Sat*W-flsifS€*3R3ais 7x7 -/WHS#7A-4 A<tfra 9 , 
[0023] 



.OH 




CHy^^ CH(CH 3 ) 2 

^01 




[0024] 

^«»4fcttlHB»©HWHb*c«*fcUr»4. y^PS, x***, 7Dh'M. 
7>;v», ^f-a*, M^n*. ^r^S^TA-^;^ ; 7^-;H, HJ;^£ 

t"-;ws. ry^wat, 7t-;«, ^t-jh. ^*-/]^&to7^-/p« ; 
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ons. ;na. &w>mtf±jEHmftThik (b) «4H*>ttK#atfK:ffi< , (a 

[0025] 

<B)J&Jfrtf>ffi£*(i,. {Aj^+iOX^^^MLTCB)^^^ x y-/Hfok!i 
SO^A-JttfO. 2~5k*i«T*9, O. 3-2. 5fc>5rSfi#'*?i K. 0 

. 8-i. stfrsiag^ffau^. <rtui. (A)£4H«ox#:*v*£St$-*(B)jft 

[0026] 



HO 



HO 



CH 3 CH 3 
Si— O'Si- 
CH 3 CH^ 
CH 3 CH 3 

CH 3 CH 3 ^^OCH 3 



CH 3 CH 3 



CH 3 



CH 3 



HO' 



H 3 C- 



rAi ? Hs /? H3 \ ?" 3 
t JUK^si~o[si-o^si— 

CH3 \CH*/n CHo ^ 



CH 3 /CH 3 



\ /One 



CH 3 \ ch 3 
-Si~ofSi~oj^Si-oj— Si-^CH 3 
CH3 \ < /p \CH 3 /n ch 3 



^OH 
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[0028] 

(b) jfidHi, mtvmtzZ'ixismthzkifii&ki. mvsr^-fum^y 
xj-Mt&mt *ta nmi-w&imm- yo £ t kd y 

[0029] 

(C)mit (A) *4Hwaxj}Mf>*fc (B) m+ff>7xS-MS&&te>SUb* iT 
, *«j§S«^c:^^w^:ffiiii^M^iil>. Witt. MJ^i-;^?^, b 

7*y, M)7i-W^7^f y ■ hU7a-MV-h, f h57x-MX7'(y ■ 

y-h57*-rt^-h*^'jysHfcG*; byx^yrsy. ^yy/u-y'^yr s y 
, a-^-f/^y^y^-f/i/TSy, i,8-S/7ifb*y?n[5.4.o]?yT-fcy- 

owtttyu 3-yffl««^ffi^ra5rgtt'-t^ t* ! T# s*>t\ xy^Mtztitzmit 
am* r s y«i$£ia^ ht^rwtr $ y«$ ( h x- 3 o 8 s : mitm&^&& 

8) 

[0030] 

(C ) *Wl3WW!«J»tWfc«f*40k:^«T*^ *OiiI£»iB!£3;h.£ 
V^s*F4L<(±, (A>*»100aJWSO, 0. Ol-lOOSa*?* 1 ?. 
t#4L<14. 0. 0 l~5OM«r*0 % MtMt L<\t0 . l~5fflHgre&4. 
[0031] 

*89»ilfift(cli. flM*eHI**l*i±S***:*>fc (D) 5t«WftB&UTt,J:v\ 

m* #v>mm. s^n-rm m^-immm, ±mm^mmwm ; mm 
yy^ aattyy*, «ws/y*. ha-AP^w, «yy/y, UHknifi. «t«? 

*, KftM*. SMtr/PS-^A, ntv^^y^A, ww-*y, UKt^yy^A. 
^sns. 4fc. (d> ^w^^^#iPS£^ii^v^\ 0«*ms:t 

[0032] 

(d> m<mi^mt, ^wmm^mmmwi^^t^h (a) ^t(B) 

®.%e^l\\ 00Sfi«*LT, 0~2 0 0 03a«#»* L< . Sfelc, 50-10 
[0033] 

3£(C, (A) (B) jfcJh S>SHtt*ilG><9iI£ftfc (D) 

y^'ffl. ^^-h^-vryy^ij^^-yryy^ijMa^LTtlv^ y^y^vr 
uy^MtL-Tti, 3-?"yyb-^yynbvwby*b*yy7y. 3-^yyH^y7" 
n tvk^jpyx b^yy 5 y , 2-(3,4 -xsj^yy? D^y^xf-^ b y y b 
df y y 5 y^cDX^ ylM7;^^yy7y ; n - ( 2 - 7 S - 3 -r S / 

rotvub y^b^yy^y, s-r^yrntr^hyxh^yy^y, n-?x^w 
3-7Syrntvubyy h^yy^y^criTay^^rT^^yy^y ; 3~^;k# 
r h 7*0 t/p Hj^t-dryy? yf«^i /k$ r n***t^3^ yy 5 y WJ^^ii^. . 
4fc, f^-htfvryy^OBiiLTH.. i -rp^yf-^ybyu -4 yxf-r 
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[0034] 

b'-^bij^h^^^^y, T'JA'b'J^l't^y, TU/l'MjxHfrS/^y**) 
[0035] 

"5(d) m^t^m^Mmii^tm-^ti^t-mhii^. u-s^mmmfe 

Sfi&v^ (A) jftJh ( b ) i**, (c ) jfcJh jeffifci D (d) j£4K»**ofl!w>ft 
SBK^S Isi^tlB^i-i^ife ; ( a ) f&ttk ( b ) jft#£7V s x Lfctt, ( c ) 
l&frfc ^fS(c J: "5(D) jdWW^toff «j£*SrS^-t5*i6 ; (A) fi)WK ( B ) jj£ 
^fc&BfcJ:*) (D) jK4J-«^fl!i«ffiia«*SrU5-y^xLfca. (C)j£#£Iite 

-ti-nmmmanh, c a ) < b ) ( c > aa-ts jtA&gfc j o ( d ) & 

LIS*-?--, ^-^-S^-jiWSSfi*. 
[0036] 

juv, xvTjyy, ^xf^/, smut. am*;, itn^ciijttfflt 
* c t * . , tk 7 r ^ y^*? >; -ymk m% eHtsms&MBi 

ixft«Ht«(c'!i:*oT'» m^SBnW^^wK^L ftsst a-f^m mm 

[0037] 
[0038] 

[fftffi) : ESEWJKft (TOKIMECttll. DIGITAL VISCOMETER D 
V-U-E IIM) fcffllvt, 2 5*C. 0»2. 5/»<0*frTWeUft. 

-rf fcWf&^l-ft&U 7 0mmHgrl)§Utt, 1 5 0*C, 2. 5MPa«Mt 
6 0M7W«Lt. JKlvCl 8 0"CT'2B$ra^-7>4«T2;Xail»tTWti]ijf:^ 
tffcflft. W^ftKStM"* TMA (*SSI^£«^£tt»TM- 9 2 0 0) Srffiffl 
t T , 2 . 5 °C/#T 2 5 'C^fe 2 1 0 «C £ £ 9Jj£ L ft . 

mmmm) ■. mm^v ^-ymmm^mi omnu *s 5 om. i?2mm^ 

*t*-r-f U 7 0mmHgT'MUA 1 5 0*C. 2. 5MPa« 

*frT"6 0^r^^€tft, ft^T18 0°CT2mffl*~7ym'2<>Kto8kLX<OM 
€«&K-Hfft. ftfeilftS!«fr*ARESfi3WS|®ai(Rhe ome trie 
Sc i ent i f i cttH)*«fflU fcttflO. 5%. «|S[lHz v #ffi&£3°C/ 

[«8Stt] : V;^-l/yXF(iiIV;^-VyXh, y*m3ffi£G&MP S 

R-4 000 CC02/CA-40 CC0 2)H"X7WSK- h'J7yV«( 
» : BTfifffi) KSBKIfffliU *M*SeflL **. mt (150U lftS]) LT, 
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mz. Tjvm. --y^m. mmhmm^t LxmmLtz. i«y'j3- 
ymmmx* icm3t z.tit>ff>wmB,zwmLi 2 sx:x2m^-fy^xn 

*££x s fcLft. 

[m&&SStLl ■• *7^IJ:(;JI?4 0iim(0f-7l5tSi^WCll 5mm, 5 

4* -centra fciiwu:. 

[0039] 

immm 1 1 

( 3 ) TflSiiam*^^* 1 000JAg9630mPa 

• s, x*'^Sft3 4 5^/^V;J--y^p^y£2 5. OfiMgfl. Tf^n^y 
*flE* (4) T«3ft&ttft3 0 5 0mPa-- s<?)^;^y#U v-o^tf V £ 1 3 . Ofi 
ftS (5$ (3) T'^S^I)^;^VjJ-"U^a^y*<?)X^dr^^;L,|iti:. ^ (4 ) 

*) , hx-3088 (KMkifitt^^rttij^r-fe/nsrsvftdHEv rs^ftfcjs^**: 4 

r-fy, W. 5/*m) £6 0. OMHKt&tT, Wfctt^Un- L 
ft. X2KK6L H^^TJBtWM*. 1H»Hltt«, 8*14. WWrH*ll*fc. * 

[X(CH 3 ) 2 SiO 1/2 ] 0 . 4 (C s H 6 SiO }/! ) 0 , 6 (3) 

Z-(CH 3 ) 2 SiO<CH 3 )jSi-Z (4) 

[0040] 

C50fcN2] 

mria^ (3) xm$Ammm?&i ooo, »K963 0mp a . s . 
SH34 smivnjxv ^v*yy£ 2 5 . omm. mss ( 4 > x^tim&3 

0 5 0mPa- 80>*fr#/#Visv*-Vy*13. 0M» (rt ( 3 > 

^v^u^p^y^x^^^aco^/ufitfc, ^ u) •c^Six&^tfV^y^o^ 

mw>^7^i. osjkh, hx-3 0 88 (mtm-A^m^r^imr 
$y|*$, rsyjfflffi^irs: 4os*%) £i. omm, nxv^m^mm^J^ ( 

tSMTF-?f'^l7F77T^,TOl. 5/xm)£60. 0S*SH1£LT, 

mim~>>)3~ymmmmLtz, rn^mm, nm^t¥xmmm, mmnm 

[0041] ■ 

■ (H»J3] 

Tlfi^o^tfy^fuit ( 5 ) vmtl&WWtyy&M. 1000,«Jgl290mPa 

• x«y3i2 7 O^^U^V^y ^n^y^2 1 . OSfiSB, ttEA (4 ) T 
&Ztim9L3 0 5 0mPa ■ stoXfMtJW) yo^t 1 7 . OSftgP ( 5 ) 
T^^n^^^V^Uxn^y^cox^^aw^Sict. 5$ (4 ) -Q$kHflh^)V 
XVtfVyri^y^coy^J-^mX^tmftikffl. Ofc&£>fi) , 3->y 
j/F*^Tnt;t/f*iJ;>tl^x?y£l. OSMfflt, HX-3 088 
«W7*-fe;WS!7S 7^MIMI : 4 Ogfi%> $• 1 - OMfiS, fcitXWR 
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mtHis*)* (tt^a7H'7f7^l7KV7T^y, 5am) 56 0. OS 

[X(CH 3 ) 2 Si O„,)o. 6 [C 6 H 5 S iO,/i)o. 4 (5) 

( Xit 3 - ? y ^ Kdf x7n t;k3E ) 

[0042] 

[£MtW4] 

TfB^o^yJWM ( 6 ) Ta§tl^.a4¥te)^M2 200,ftflEl900m'Pa 

■ s , x^^Si3 4 5^;^y# , U^D^>S2 4WtS. ffilfiS (4) T*S 
ixW3 0 5 0mPa ■ s^Mydfy^nmSHlli (at (6) T&Zii 

s^^y^y^o^^oxiiiWf^atwEMfci:, ^ (4) T^^as^^v^y 

rntvi^y^v^i^yfci. o«*», hx-3oss (M«^£ttmx?r-tr 
^ri^Ui. tsvm^M: 4ofi*%) 51. osms. &£z/mmmis 

U* (»^t7Kvf7?S7KV7r^X T^l. 5/tm) 560. 0S*ffl8S-& 

L.t, Wbttv-y^-yffl^iii3?rpiit^„ nmmk. «sr& 
mum^m^. 1 

(Y(CH 3 ) ! SiO 1/2 ) 0 . 4 (C e H 5 S iO a/2 ) 0 . 6 (6) 
<S»YfcL 2- (3, 4-Xil«fS'i/*n^*S^) x*;kS) 
[0043} 

(JtKW 1 ] 

t'*7*/-^AS$«x#*MtfM (^>A-^x^^^i>>tt^». xtra- 
h828. ftKl 5mPa • s, S^S* 1 9 0 ) 52 3. OUflL I*7i/- 

/Wfc&* (BJHdfcfiEfl^^tklL MEH8000H)517. OSftgL «lW&t#Ji: t 
XHX-3088 (Wl^^ttiSWr-b;^SrS>IWl. 7 5 iHHtl : 4 0« 
*%) 51. Otm JsAWWSHHt^y* dteSAttTP^v^HrH^r-f 
f.Wl. 5jum)6 0. 0M«t^UT. flMtttxrff^Hlfl»ffl«!ftS:WI»Lfc 

[0044] 
UfcttH2] 

TIBvO^f ( 7 ) Tf?3fl*fiS¥*&#T*4 5000, 17700m 

Pa-s, x^xS43 8 5 0<?)^;Wy*°y^P^t?-y53 6. oa*si5. 15ia^ ( 
4) t^jx5«ilE3 0 5 0raPa • s W^iK l JyD*ty*2. 0£ftffi (5$ ( 
7) T^Six^^^V^y ^n^T^+Ox^vSO^E^t, * (4) TSSfiS 

Wmk LTHX-3 08 8 ( 7'-fe/^MT S yjttflE, 7Sy)ijli^ 
i: 4 0SS%) 51. 0£*ffl, *3J:tm«^Nft«yy* (S^tt7H7f7?i7 
K77T^y, ¥^1. 5;um) 56 0. 0S*»£iB£tT. Wfttt^U 

[<CH 3 ) 3 SiO, /2 ] o. oos [XCH 3 Si0 2/2 ] 0 . 0 2 4 [(CH 3 ) 2 S 

lC>2 / 2 ] 0 . 972 (7) 

(sS+Xli 3 'J x h'df /TO ) 
[0045] 
[«3«H3] 

TfB^O^f^ymffi^ ( 8 ) Tm^tl^mm.^^A 1500,iSl 200mPa 

■ s. xi(f^x^l:3 7 0<?)^;^y^y^o^H?-y52 1 . ofii, na^n^y 

JWfcS ( 9 ) t*$tL4HfWl6 3 0. &S84 OmP a ■ s^/^V^'J >- 



(13) 
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v*?y* 17. omm <£ <8) T'mztth*)v#s#v^'a*-*r>*cox.x*c~sm 

W/HRt. 35 (9) T*§ii«.^l'^V)KU^a^>'*<?)7xy-;H47j<:^a<?> ; &/l' 
Ofc&&£) , «t«S(JtLTHX~3 0 88 (»tj£«5*£#t?#T-fe 

ss%#*)£i. ojttgB. ^K^^e/i^y^i^i^yS: i . os 
m) 70. ossai^^LT, mim^)?-yMfmsmmifc» mm&sm* 

fc&MLT 1 5 0°CT2B$IS;*-:/yflQ&Ud*l SOT^fflW-^yjIfcLfcfiW- 

[(CH,) 3 Si0 1V2 ] o - 17 [R- 9 (CH 3 )Si0 2/2 ] o. 33 [(CH 3 ) z SiO 
2/2U. 50 (8) 

[«51 




[0046] 
UUBR4] 

( 1 0 ) t'*$ilSSi¥^TS9 50,SWl 77000mPa-s, xtf^ 

^s*2 4 o^;^v^y vadfHf 1 6 . omsm. jja* ( 9 ) T^snsa* 

fWl630,M84 0mPa' sOtf/ktfVjJfy ^n=W£ 2 2 . OftftSfi ( 
5t ( 1 0 ) T^StifcarMWJ ->n*i^«X!jr^Se)*/Hftfc , mJlSxt ( 9 ) 
V&ZtihXH'tfJTi? V i/v ^y^<n 7 ^y-M^S^f^Mk^VOfi 1 ■ 0 1 & § 

i) . mimmmtixux-3088 (m^m^mm^r-tjmT^ynm. fx 
7xy AMifcRxjittf isfflm* r^Mtr s >*KE** 4 o > £ 1 . o 

Sign. 3-7'yi/K^^TDh';Uhy^b=Sr^^7y2rl. OUtf. ttJilftgRttA 
»x'J^ (&^£tt7)^T'y?$S7Fv7 7 4>\ 70. Ofiftgfi£ 

ffl&LT, Wktt^ya-yfflJfiifcSriRIStUfc. ISBfi M^&SLTl 5 0*C? 
2 WHBj^-^yjDSfcLfca 1 8 O'CX'2 !^:*~7>;ML£JmL l5ii^frT« 



(14) ^2005-154766 (P2005-154766A) 




(1 0) 



[0047] 

( 1 1) T*Si-ll»Ml:¥te|^ft6 9 6, fifKl 1 OmPa ■ s. xjJf^^Si 
1 74«WydfJyP^t^ 1 7 . OSftflk mllEjt (4 ) TmtihW^3 0 5 
OmPa ■ scO^;^V7KU^n d r-9-^£2 0. 0*1S (* ( 1 1 ) T»3il*tf/Uj«r 

^+«7*/-rt«*iBK)*;H»<oifa& , i . ot*&«) . mtmmt lthx-3 

0 8 8 (»fl3Hfe*Att«*7*Affl7 5 y&M. 7$>mttM. : 4 0M*%) * 1 

. 5 Aim) &6 0. 0*«|5S-*I-&LT, Wlltt^Ua-MIUMIitlB«,fc. SSlft® 
ft. M&«&ttr&JB5i*, S*tlu Wfl*HI*ll"yfc. -eois«^^2 

MS J 

\CH 3 /4 



(i D 



( aW Xtt 3 - 7" >J i/ H * tVHl ) 
[0048] 
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[*!) 





— ' 


M Jfe^J 




4 




(Pa-s) 


10 


— - — 

(4 


— - — 

7 


15 




(ppm/°C) 


110 


1 10 


120 


100 




(MPa) 


80 


86 


90 


90 






O 


o 


o 


O 






O 


o 


o 


o 




(M) 


o 


o 


0 


o 






o 


o 


o 


o 






o 


o 


o 


o 




(min) 


15 


15 


15 


IS 



[0049] 
t«2] 











tt&w 










1 


2 


3 


4 


5 




(Pa-s) 


199 


>500 


27 


81 


5 




(ppm/°C) 


67 


— * 


130 


80 


120 




(MPa) 


2900 


-* 


60 


350 


80 




(VM'-Uv'Al-) 


O 




o 


O 








O 




o 


O 






(M) 


O 


X 


o 


o 






C7*5=W) 


o 


X 


o 


0 


O 






o 




o 


o 


O 




(min) 


30 


90 


120 


1 20 


15 
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4J002 CD111 CP052 DA038 DA068 DE078 DE098 DE108 DE138 DE148 DE238 
DF018 DJ008 DJ018 DJ038 DJ048 DJ058 DK008 DL008 DM008 EN027 
EU117 EW147 EX036 BY017 FA048 FA088 FD018 FD142 FD146 FD157 
FD200 GJOl GJ02 GQOO 

4J036 AK17 DA05 DCOl DC03 DC40 DC46 DD07 DD08 FA02 FA03 
FA05 FA06 JA03 JA06 JA07 KAOl 

4J040 EC46 EK05 HA15 HA30 HA34 HA35 HD32 KA04 KA43 LA06 
NA19 NA20 



